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(57) ABSTRACT

A main optical signal 1s wavelength-multiplexed with an
optical 1dentifier which 1s diflerent 1n wavelength from this
main optical signal, before a wavelength-demultiplexing 1s
take place at a desired point so as to 1solate the optical
identifier from the main optical signal for the purpose of
monitoring establishment of correct or incorrect transmis-
s10n route between transmission and recerving sides based
on the detected optical 1dentifier with reference to the stored
corresponding data to the relationship between the main
optical signal and the optical identifier which belongs to the
main optical signal, wherein the monitoring 1s made without
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OPTICAL SIGNAL TRANSMISSION
SYSTEM, OPTICAL SIGNAL TRANSMITTER,
OPTICAL SIGNAL RECEIVER, METHOD OF

TRANSMITTING OPTICAL SIGNAL AND
METHOD OF RECEIVING OPTICAL SIGNAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical signal trans-
mission system, an optical signal transmitter, and an optical
signal receiver, as well as a method of transmitting optical
signal and a method of recerving optical signal. The present
invention relates more particularly to an optical signal
transmission system suitable for a wavelength-multiplexed
optical network taking place a wavelength-multiplexing
without depending upon a signal transmission rate and a
transmission signal format.

All of patents, patent applications, patent publications,
scientific articles and the like, which will hereinafter be cited
or identified 1n the present application, will, hereby, be
incorporated by references in their entirety mn order to
describe more fully the state of the art, to which the present
invention pertains.

2. Description of the Related Art

Typical one of the existent general communication net-
works 1s a synchronous digital hierarchy network, wherein
a main signal 1s transmitted accompanying with an overhead
which 1s to be used for maintenance and operation of the
communication network. For example, JO bite in the over-
head 1s used as a trail identifier 1n order to monitor a
correspondence between the signal transmaission side and the
signal receiving side, for the purpose of veritying a correct
correspondence or an mcorrect correspondence between the
signal transmission side and the signal receiving side.

A switch such as a cross-connect switch for switching a
signal transmission path may be provided in the synchro-
nous digital hierarchy network. It 1s undesirable that any
faillure or any malfunction of the switch may cause a
deficiency in correspondence relationship between the sig-
nal transmission side and the signal receiving side, This
deficiency raises such a trouble that the signal may no longer
be transmitted to an intended or desired destination in the
receiving side. In order to avoid this trouble, 1t 1s effective
to momtor undesired or unintended establishment of any
incorrect connection between the transmitter and the
receiver, wherein the monitoring process 1s made by use of
the above-described trail identifier. If any 1ncorrect connec-
tion or any signal disconnection 1s established and 1s
detected, then a protection or a restoration 1s made to restore
or recover the icorrectness, 1n order to keep a reliability of
the network.

Not only the above-described synchronous digital hierar-
chy network as a time-multiplexing network but also the
wavelength-multiplexed optical network need to monitor
appearance ol any 1incorrect connection or route between the
signal transmitter and the signal receiver. The wavelength-
multiplexed optical network 1s, however, advantageous in
view of allowing the wavelength-multiplexing process to be
independent from the transmission signal rate and the trans-
mission signal format. The wavelength-multiplexed optical
network does not avail a method for monitoring the corre-
spondence between the signal transmitter and the signal
receiver, provided that this method 1s similar to the method
of using the overhead in the synchronous digital hierarchy
network which accomplishes the signal-multiplexing in
accordance with the fixed or predetermined frame format.
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The reason for the above unavailability or mapplicability of
the method of using the overhead to the wavelength-multi-
plexed optical network would be that the wavelength-mul-
tiplexed optical network accepts any optional formats of the
main optical signals, and i1t 1s 1mpossible to extract the
overhead-bit from the main optical signals.

Consequently, 1t 1s necessary for the wavelength-multi-
plexed optical network to monitor the correspondence
between the signal transmitter and the signal receiver with-
out, however, depending upon the format of the main optical
signal.

Japanese laid-open patent publications Nos. 9-215072 and
11-55699 disclose conventional methods of monitoring the
correspondence between the signal transmitter and the signal
receiver 1 the wavelength-multiplexed optical network,
wherein pilot tone signals assigned with frequencies specific
to wavelengths of the main optical signals are superimposed
as 1dentifiers to the main optical signals so as to monitor a
set state of an optical path and an optical signal level. The
superimposition of the pilot tone signal over the main optical
signal causes not only a deterioration in carrier-to-noise ratio
of the pilot tone signal but also another deterioration 1n
quality of the main optical signal. Simple consideration of
only the presence or the absence of the pilot tone signal may
provide undesired limitations to a maximum value of a
transmittable distance of the main optical signal and another
maximum value of a transmission rate of the main optical
signal. Further, a laser diode 1s sub-carrier-modulated with
the pilot tone signal for emitting a main optical signal
superimposed with the pilot tone signal. This makes it
necessary for replace the pilot tone signal as an identifier to
take place a photoelectric conversion of the main optical
signal. The photoelectric conversion of the main optical
signal 1s essential for replacing the pilot tone signal as an
identifier.

In the above circumstances, the development of novel
optical signal transmission system, optical signal transmitter
and method of transmitting optical signal, which are free
from the above problems 1s desirable.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a novel optical signal transmission system free from
the above problems.

It 1s a further object of the present invention to provide a
novel optical signal transmission system which 1s capable of
monitoring that a correct connection or route 1s established
in a wavelength-multiplexed optical network or an optical
switch between a signal transmission side and a signal
receiving side, independently from both an optical signal
transmission rate and a transmission optical signal format,
and without any substantive deterioration i quality of a
main optical signal, and without any photoelectric conver-
sion of the main optical signal.

It 1s a still further object of the present invention to
provide a novel optical signal transmitter free from the
above problems.

It 1s yet a further object of the present invention to provide
a novel optical signal transmitter which allows monitoring
that a correct connection or route 1s established 1n a wave-
length-multiplexed optical network or an optical switch
between a signal transmission side and a signal receiving
side, independently from both an optical signal transmission
rate and a transmission optical signal format, and without
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any substantive deterioration i quality of a main optical
signal, and without any photoelectric conversion of the main
optical signal.

It 1s further more object of the present invention to
provide a novel optical signal receiver free from the above
problems.

It 1s moreover object of the present invention to provide
a novel optical signal recerver which allows monitoring that
a correct connection or route 1s established 1n a wavelength-
multiplexed optical network or an optical switch between a
signal transmission side and a signal receiving side, inde-
pendently from both an optical signal transmission rate and
a transmission optical signal format, and without any sub-
stantive deterioration in quality of a main optical signal, and
without any photoelectric conversion of the main optical
signal.

It 1s still more object of the present invention to provide
a novel method of monitoring establishment of a correct
transmission route between a signal transmission side and a
signal receiving side free from the above problems.

It 1s yet more object of the present invention to provide a
novel method of monitoring establishment of a correct
transmission route between a signal transmission side and a
signal receiving side, which allows monitoring that a correct
connection or route i1s established 1mn a wavelength-multi-
plexed optical network or an optical switch between a signal
transmission side and a signal receiving side, independently
from both an optical signal transmission rate and a trans-
mission optical signal format, and without any substantive
deterioration 1n quality of a main optical signal, and without
any photoelectric conversion of the main optical signal.

It 1s an additional object of the present imvention to
provide a novel method of transmitting optical signal free
from the above problems.

It 1s a still additional object of the present invention to
provide a novel method of transmitting optical signal, which
allows momnitoring that a correct connection or route 1is
established 1n a wavelength-multiplexed optical network or
an optical switch between a signal transmission side and a
signal receiving side, independently from both an optical
signal transmission rate and a transmission optical signal
format, and without any substantive deterioration 1n quality
of a main optical signal, and without any photoelectric
conversion of the main optical signal.

It 1s another object of the present invention to provide a
novel method of receiving optical signal free from the above
problems.

It 15 still another object of the present invention to provide
a novel method of receiving optical signal, which allows
monitoring that a correct connection or route 1s established
in a wavelength-multiplexed optical network or an optical
switch between a signal transmission side and a signal
receiving side, independently from both an optical signal
transmission rate and a transmission optical signal format,
and without any substantive deterioration in quality of a
main optical signal, and without any photoelectric conver-
sion of the main optical signal.

In accordance with the above resent invention, a main
optical signal 1s wavelength-multiplexed with an optical
identifier which 1s different 1n wavelength from this main
optical signal, before a wavelength-demultiplexing 1s take
place at a desired point so as to 1solate the optical 1dentifier
from the main optical signal for the purpose of monitoring
establishment of correct or incorrect transmission route
between transmission and receiving sides based on the
detected optical identifier with reference to the stored cor-
responding data to the relationship between the main optical
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signal and the optical identifier which belongs to the main
optical signal, wherein the monitoring 1s made without any
photoelectric conversion of the main optical signal and any
deterioration 1n quality of the main optical signal.

No need for the above monitoring to make any photo-
clectric conversion of the main optical signal means that this
monitoring can be made independently from the rate and the
format of the main optical signal.

The present system permits wavelength-multiplexing of
the main optical signal with the optical identifier not only at
the transmission side of transmitting the main optical signal
but also any positions included in a transmission path from
the transmission side to the reeewmg side. Replacement of
the optical identifier to the main optical signal 1s also
permitted during the transmission path from the transmis-
sion side to the receiving side. These result 1n a desired
increase 1n flexibility of the monitoring.

The above and other objects, features and advantages of
the present imnvention will be apparent from the following
descriptions.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

Preferred embodiments according to the present invention
will be described in detail with reference to the accompa-
nying drawings.

FIG. 1 1s a block diagram 1llustrative of an optical signal
transmission system including an optical signal transmaitter
and an optical signal recerver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work 1n a first embodiment 1n accordance with the present
invention.

FIG. 2 1s a block diagram 1llustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal recerver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work 1 a second embodiment in accordance with the
present 1nvention.

FIG. 3 1s a block diagram 1llustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal recerver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work 1n a third embodiment 1n accordance with the present
ivention.

FIG. 4 1s a block diagram 1llustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal receiver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work 1n a fourth embodiment 1n accordance with the present
invention.

FIG. § 1s a block diagram 1llustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal receiver which are optically coupled to
cach other through an optical switch 1n a fifth embodiment
in accordance with the present invention.

FIG. 6 1s a block diagram 1llustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal receiver which are optically coupled to
cach other through an optical switch 1n a sixth embodiment
in accordance with the present invention.

DETAILED DESCRIPTION OF THE PRESENT
INVENTIONS

A first aspect of the present mnvention i1s an optical signal
transmission system including at least one optical signal
transmitter and at least one optical signal recerver. The at



US 7,280,756 B2

S

least one optical signal transmitter generates at least one
optical i1dentifier belonging to and being different 1n wave-
length from at least one main optical signal. The at least one
optical signal transmitter performs a wavelength-multiplex-
ing of the at least one main optical signal and the at least one
optical identifier to transmit at least one wavelength-multi-
plexed optical signal to the at least one optical signal
receiver. The at least one optical signal receiver performs a
wavelength-demultiplexing of the at least one wavelength-
multiplexed optical signal to generate the at least one main
optical signal and the at least one optical identifier. The at
least one optical signal receiver further verifies whether or
not a correct transmission route 1s established, based on the
at least optical identifier with reference to at least one set
corresponding data, which include a first relationship 1n
correspondence between the at least one main optical signal
and the at least one optical identifier.

The at least one optical signal receiver performs the
verification by comparing the first relationship included in
the at least one set corresponding data to a second relation-
ship between the at least one main optical signal recerved by
the at least one optical signal receiver and the at least one
optical identifier detected by the at least one optical signal
receiver.

It 1s advantageous that the at least one optical signal
receiver performs the verification without subjecting the at
least one main optical signal to any photoelectric conver-
sion, and independently from any transmission rate and any
format of the at least one main optical signal.

It 1s possible that the at least one optical signal transmaitter
turther generates the at least one set corresponding data, and
supplies the at least one optical signal recerver with the at
least one set corresponding data.

It 1s possible to turther include a memory being coupled
to the optical signal transmitter and the optical signal
receiver, and the memory storing the at least one set corre-
sponding data.

It 1s possible to further include a data storing station being,
coupled to the optical signal transmitter and the optical
signal receiver, and the data storing station storing the at
least one set corresponding data.

It 1s also possible that each of the at least one optical
signal transmitter and the at least one optical signal receiver
previously stores the at least one set corresponding data.

It 1s also possible that the at least one optical signal
receiver further includes: a notifying unit for receiving a
result of the verification from the at least one optical signal
receiver, and for notitying whether the correct transmission
route 1s verified between the main optical signal transmitted
by the at least one optical signal transmitter and the main
optical signal received by the at least one optical signal
receiver.

It 1s possible to further include a wavelength-multiplexed
optical network having a plurality of wavelength-multi-
plexed optical signal transmission routes, through which the
at least one wavelength-multiplexed optical signal 1s trans-
mitted from the at least one optical signal transmitter to the
at least one optical signal receiver.

It 1s possible to further include an optical switch having a
plurality of selectable wavelength-multiplexed optical signal
transmission routes, through which the at least one wave-
length-multiplexed optical signal 1s transmitted from the at
least one optical signal transmitter to the at least one optical
signal receiver.

It 1s also possible that the at least one set corresponding
data includes a relationship 1n correspondence between at
least one wavelength of the at least one main optical signal
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6

and at least one reference electric frequency component of
at least one frequency corresponding to the at least one main
optical signal. The at least one optical signal receiver detects
at least one electric frequency component from the at least
one optical identifier wavelength-demultiplexed. The at least
one optical signal recerver verifies whether the correct
transmission route 1s established based on the at least one
clectric frequency component with reference to the at least
one reference electric frequency component imncluded in the
at least one set corresponding data.

It 1s further possible that each of the at least one optical
signal transmitter further includes: at least one set of a main
optical signal generator for generating the at least one main
optical signal, and an optical 1dentifier generator for gener-
ating the at least one optical identifier and the at least one set
corresponding data; and a multiplexer for wavelength-mul-
tiplexing the at least one main optical signal and the at least
one optical identifier to generate the wavelength-multi-
plexed optical signal. Further, each of the at least one optical
signal receiver further includes: a demultiplexer for wave-
length-demultiplexing the wavelength-multiplexed optical
signal to generate the at least one main optical signal and the
at least one optical i1dentifier; at least one set of a main
optical signal receiver for receiving the at least one main
optical signal wavelength-demultiplexed; and an optical
identifier receiver for receiving the at least one optical
identifier and the at least one set corresponding data, and the
optical identifier receiver further verifies whether the correct
transmission route 1s established based on the at least optical
identifier with reference to the at least one set corresponding
data.

It 1s further possible that each of the at least one optical
identifier generator further includes: a frequency modulator
for generating a frequency-modulated signal at a frequency
corresponding to each of the at least one main optical signal;
and an optical 1dentifier generator for generating the at least
one optical 1dentifier frequency-modulated by the ire-
quency-modulated signal. Further, each of the at least one
optical identifier receiver further includes: a photoelectric
converter for performing a photoelectric conversion of each
of the at least one optical identifier into an detected electrical
signal; a frequency detector for detecting an electric ire-
quency component from the detected electrical signal; and a
frequency comparator for comparing the electric frequency
component detected to the at least one reference electric
frequency component included in the at least one set corre-
sponding data.

It 1s also possible that each of the at least one optical
signal transmaitter further includes: plural sets of the main
optical signal generators and the optical identifier genera-
tors. Each of the at least one optical signal receiver further
includes: plural sets of the main optical signal receivers and
the optical identifier receivers. The main optical signal
generators respectively generate the main optical signals
with wavelengths different from each other. The optical
identifier generators respectively generate the optical 1den-
tifiers which belong to the main optical signals generated
from the main optical signal generators, respectively, and the
optical identifier generators further respectively generate
plural sets of the corresponding data which respectively
belong to the main optical signals generated from the main
optical signal generators and the optical identifiers generated
from the optical identifier generators. The main optical
signal receivers receive the main optical signals from
respectively corresponding ones of the main optical signal
generators. The optical i1dentifier receivers respectively
receive the optical 1dentifiers from respectively correspond-
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ing ones of the optical 1dentifier generators, and the optical
identifier receivers respectively receive the plural sets of the
corresponding data from respectively corresponding ones of
the optical identifier generators. Each of the optical identifier
receivers verifles whether the correct transmission route 1s
established based on each corresponding one of the optical
identifiers with reference to each corresponding set of the
corresponding data.

It 1s also possible that each of the at least one set
corresponding data includes a relationship in correspon-
dence between a first wavelength of the main optical signal
and a second wavelength of the optical identifier uniquely
belonging to the main optical signal, so that the second
wavelength uniquely corresponds to the first wavelength.
The at least one optical signal receiver selectively detects the
at least one optical identifier with the second wavelength.
The at least one optical signal receiver verifies whether the
correct transmission route 1s established based on the
detected at least one optical identifier with reference to the
at least one set corresponding data.

It 1s also possible that each of the at least one optical
signal transmitter further includes: at least one set of a main
optical signal generator for generating the main optical
signal with the first wavelength, and an optical identifier
generator for generating the optical 1dentifier with the sec-
ond wavelength and for generating the at least one set
corresponding data; and a multiplexer for wavelength-mul-
tiplexing the at least one main optical signal and the at least
one optical identifier to generate the wavelength-multi-
plexed optical signal. Each of the at least one optical signal
receiver further mcludes: a demultiplexer for wavelength-
demultiplexing the wavelength-multiplexed optical signal to
generate the at least one main optical signal and the at least
one optical identifier; at least one set of a main optical signal
receiver for selectively receiving the at least one main
optical signal with the first wavelength, and an optical
identifier recerver for selectively recerving the at least one
optical identifier with the second wavelength, and wherein
the optical i1dentifier receiver further verifies whether the
correct transmission route 1s established based on the at least
optical identifier with reference to the at least one set
corresponding data.

It 1s also possible that each of the at least one optical
identifier generator further includes: an optical identifier
generator for generating the optical identifier having the
second wavelength. Each of the at least one main optical
signal receiver further includes: a first optical filter for
selectively transmitting the main optical signal with the first
wavelength; and a main optical signal receiver for receiving,
the main optical signal with the first wavelength transmitted
through the first optical filter. Each of the at least one optical
identifier recerver further includes: a second optical filter for
selectively transmitting the optical identifier with the second
wavelength; and an optical 1dentifier detector for detecting
the optical identifier with the second wavelength transmitted
through the second optical filter; and for comparing the
optical i1dentifier having the second wavelength to the at
least one set corresponding data.

It 1s also possible that each of the at least one optical
signal transmitter further includes: plural sets of the main
optical signal generators and the optical identifier genera-
tors. Each of the at least one optical signal receiver further
includes: the main optical signal receivers and the optical
identifier receivers. The main optical signal generators
respectively generate the main optical signals with wave-
lengths different from each other. The optical identifier
generators respectively generate the optical 1dentifiers hav-
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ing wavelengths respectively correspond to the wavelengths
of the main optical signals generated from the main optical
signal generators, and the optical 1dentifier generators fur-
ther respectively generate plural sets of the corresponding
data which respectively belong to the main optical signals
generated from the main optical signal generators and the
optical 1dentifiers generated from the optical 1dentifier gen-
erators. The main optical signal receivers recerve the main
optical signals from respectively corresponding ones of the
main optical signal generators. The optical 1dentifier receiv-
ers respectively receive the optical identifiers from respec-
tively corresponding ones of the optical identifier genera-
tors, and the optical identifier recervers respectively receive
the plural sets of the corresponding data from respectively
corresponding ones of the optical 1dentifier generators. Each
ol the optical identifier receivers verifies whether the correct
transmission route 1s established based on each correspond-
ing one of the optical identifiers with reference to each
corresponding set of the corresponding data.

It 1s also possible that each of the at least one optical
signal transmitter further includes: at least one set of a main
optical signal generator for generating the main optical
signal with the first wavelength, and an optical identifier
generator for generating the optical identifier with the sec-
ond wavelength and for generating the at least one set
corresponding data; and a multiplexer for wavelength-mul-
tiplexing the at least one main optical signal and the at least
one optical identifier to generate the wavelength-multi-
plexed optical signal. Each of the at least one optical signal
receiver further imncludes: an arrayed waveguide grating for
wavelength-demultiplexing the wavelength-multiplexed
optical signal to generate the at least one main optical signal
with the first wavelength and the at least one optical i1den-
tifier with the second wavelength; at least one set of a main
optical signal receiver for selectively receiving the at least
one main optical signal with the first wavelength, and an
optical identifier receiver for selectively receirving the at
least one optical identifier with the second wavelength, and
wherein the optical i1dentifier receiver further verifies
whether the correct transmission route 1s established based
on the at least optical identifier with reference to the at least
one set corresponding data.

It 1s also possible that each of the at least one optical
identifier generator further includes: an optical identifier
generator for generating the optical identifier having the
second wavelength. Each of the at least one main optical
signal recerver further includes: a main optical signal
receiver for receiving the main optical signal with the first
wavelength transmitted through the arrayed waveguide grat-
ing. Each of the at least one optical identifier recerver further
includes: an optical identifier detector for detecting the
optical 1dentifier with the second wavelength transmaitted
through the arrayed waveguide grating; and for comparing
the optical identifier having the second wavelength to the at
least one set corresponding data.

A second aspect of the present mvention 1s an optical
signal transmitter including: a first transmitter function
block for generates at least one optical identifier belonging
to and being different in wavelength from at least one main
optical signal; and a second transmitter function block for
performing a wavelength-multiplexing of the at least one
main optical signal and the at least one optical 1dentifier to
transmit at least one wavelength-multiplexed optical signal.

It 1s possible that the first transmitter function block
turther generates at least one set corresponding data, which
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include a first relationship in correspondence between the at
least one main optical signal and the at least one optical
identifier.

It 1s also possible that the second transmitter function
block sends the at least one set corresponding data to a
memory, so that the memory stores the at least one set
corresponding data.

It 1s also possible that the second transmitter function
block sends the at least one set corresponding data to a data
storing station, so that the data storing station stores the at
least one set corresponding data.

It 1s also possible that the first transmitter function block
previously stores the at least one set corresponding data.

It 1s also possible that the second transmitter function
block transmits the at least one wavelength-multiplexed
optical signal through a wavelength-multiplexed optical
network having a plurality of wavelength-multiplexed opti-
cal signal transmission routes.

It 1s also possible that the second transmitter function
block transmits the at least one wavelength-multiplexed
optical signal through an optical switch having a plurality of
selectable wavelength-multiplexed optical signal transmis-
s10n routes.

It 1s also possible that the at least one set corresponding
data includes a relationship 1n correspondence between at
least one wavelength of the at least one main optical signal
and at least one reference electric frequency component of
at least one frequency corresponding to the at least one main
optical signal.

It 1s also possible that the first transmitter Tunction block
turther includes: at least one set of a main optical signal
generator for generating the at least one main optical signal,
and an optical 1dentifier generator for generating the at least
one optical identifier and the at least one set corresponding
data. The second transmitter function block further includes:
a multiplexer for wavelength-multiplexing the at least one
main optical signal and the at least one optical identifier to
generate the wavelength-multiplexed optical signal.

It 1s also possible that the at least one optical 1dentifier
generator further includes: a frequency modulator for gen-
erating a frequency-modulated signal at a frequency corre-
sponding to each of the at least one main optical signal; and
an optical identifier generator for generating the at least one
optical 1dentifier frequency-modulated by the frequency-
modulated signal.

It 1s also possible that the first transmitter Tunction block
turther includes: plural sets of the main optical signal
generators and the optical i1dentifier generators. The main
optical signal generators respectively generate the main
optical signals with wavelengths diflerent from each other.
The optical 1dentifier generators respectively generate the
optical identifiers which belong to the main optical signals
generated from the main optical signal generators, respec-
tively, and the optical 1dentifier generators further respec-
tively generate plural sets of the corresponding data which
respectively belong to the main optical signals generated
from the main optical signal generators and the optical
identifiers generated from the optical identifier generators.

It 1s also possible that each of the at least one set
corresponding data includes a relationship in correspon-
dence between a first wavelength of the main optical signal
and a second wavelength of the optical identifier uniquely
belonging to the main optical signal, so that the second
wavelength uniquely corresponds to the first wavelength.

It 1s also possible that the first transmitter Tunction block
turther includes: at least one set of a main optical signal
generator for generating the main optical signal with the first
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wavelength, and an optical 1dentifier generator for generat-
ing the optical identifier with the second wavelength and for
generating the at least one set corresponding data. The
second transmitter function block further includes: a multi-
plexer for wavelength-multiplexing the at least one main
optical signal and the at least one optical idenftifier to
generate the wavelength-multiplexed optical signal.

It 1s also possible that each of the at least one optical
identifier generator further includes: an optical identifier
generator for generating the optical identifier having the
second wavelength.

It 1s also possible that the first transmitter function block
further includes: plural sets of the main optical signal
generators and the optical i1dentifier generators. The main
optical signal generators respectively generate the main
optical signals with wavelengths different from each other.
The optical i1dentifier generators respectively generate the
optical 1dentifiers having wavelengths respectively corre-
spond to the wavelengths of the main optical signals gen-
crated from the main optical signal generators, and the
optical identifier generators further respectively generate
plural sets of the corresponding data which respectively
belong to the main optical signals generated from the main
optical signal generators and the optical identifiers generated
from the optical identifier generators.

It 1s also possible that the first transmitter function block
further includes: at least one set of a main optical signal
generator for generating the main optical signal with the first
wavelength, and an optical 1dentifier generator for generat-
ing the optical identifier with the second wavelength and for
generating the at least one set corresponding data. The
second transmitter function block further includes: a multi-
plexer for wavelength-multiplexing the at least one main
optical signal and the at least one optical identifier to
generate the wavelength-multiplexed optical signal.

It 1s also possible that each of the at least one optical
identifier generator further includes: an optical identifier
generator for generating the optical identifier having the
second wavelength.

A third aspect of the present invention 1s an optical signal
receiver mcluding: a first recerver function block for per-
forming a wavelength-demultiplexing of at least one wave-
length-multiplexed optical signal to generate at least one
main optical signal and at least one optical 1dentifier; and a
second receiver function block for verifying whether or not
a correct transmission route 1s established, based on the at
least optical identifier with reference to at least one set
corresponding data, which include a first relationship 1n
correspondence between the at least one main optical signal
and the at least one optical identifier.

The second receiver function performs the verification by
comparing the first relationship imncluded in the at least one
set corresponding data to a second relationship between the
at least one main optical signal received by the at least one
optical signal receiver and the at least one optical identifier
detected by the at least one optical signal receiver.

The second receiver function block performs the verifi-
cation without subjecting the at least one main optical signal
to any photoelectric conversion, and independently from any
transmission rate and any format of the at least one main
optical signal.

It 1s also possible that the second recerver function block
receives the at least one set corresponding data stored 1n a
memory.

It 1s also possible that the second recerver function block
receives the at least one set corresponding data stored 1n a
data storing station.
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It 1s also possible that the second recerver function block
previously stores the at least one set corresponding data.

It 1s also possible to further include: a notifying unit for
receiving a result of the verification from the at least one
optical signal receiver, and for notitying whether the correct
transmission route 1s verified between the main optical
signal transmitted and the main optical signal received by
the at least one optical signal receiver.

It 1s also possible that the first receiver function block
receives the at least one wavelength-multiplexed optical
signal transmitted from a wavelength-multiplexed optical
network having a plurality of wavelength-multiplexed opti-
cal signal transmission routes.

It 1s also possible that the first receiver function block
receives the at least one wavelength-multiplexed optical
signal transmitted from an optical switch having a plurality
of selectable wavelength-multiplexed optical signal trans-
mission routes.

It 1s also possible that the at least one set corresponding
data includes a relationship 1n correspondence between at
least one wavelength of the at least one main optical signal
and at least one reference electric frequency component of
at least one frequency corresponding to the at least one main
optical signal. The second recerver function block detects at
least one electric frequency component from the at least one
optical i1dentifier wavelength-demultiplexed. The second
receiver function block verifies whether the correct trans-
mission route 1s established based on the at least one electric
frequency component with reference to the at least one
reference electric frequency component mncluded in the at
least one set corresponding data.

It 1s also possible that the first receiver function block
turther includes: a demultiplexer for wavelength-demulti-
plexing the wavelength-multiplexed optical signal to gener-
ate the at least one main optical signal and the at least one
optical 1dentifier; and at least one set of a main optical signal
receiver for receiving the at least one main optical signal
wavelength-demultiplexed. The second receiver function
block turther includes: an optical identifier receiver for
receiving the at least one optical identifier and the at least
one set corresponding data, and the optical identifier receiver
turther verifies whether the correct transmission route is
established based on the at least optical identifier with
reference to the at least one set corresponding data.

It 1s also possible that each of the at least one optical
identifier recerver further includes: a photoelectric converter
for performing a photoelectric conversion of each of the at
least one optical identifier into an detected electrical signal;
a Irequency detector for detecting an electric frequency
component from the detected electrical signal; and a fre-
quency comparator for comparing the electric frequency
component detected to the at least one reference electric
frequency component included 1n the at least one set corre-
sponding data.

It 1s also possible that the optical signal receiver further
includes: plural sets of the main optical signal receivers and
the optical identifier receivers. The main optical signal
receivers recerve the main optical signals from respectively
corresponding ones of the main optical signal generators.
The optical identifier receivers respectively receive the
optical i1dentifiers from respectively corresponding ones of
the optical i1dentifier generators, and the optical i1dentifier
receivers respectively receirve the plural sets of the corre-
sponding data from respectively corresponding ones of the
optical identifier generators. Each of the optical i1dentifier
receivers verifies whether the correct transmission route 1s
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established based on each corresponding one of the optical
identifiers with reference to each corresponding set of the
corresponding data.

It 1s also possible that each of the at least one set
corresponding data includes a relationship in correspon-
dence between a first wavelength of the main optical signal
and a second wavelength of the optical identifier uniquely
belonging to the main optical signal, so that the second
wavelength umiquely corresponds to the first wavelength.
The second recerver function block selectively detects the at
least one optical identifier with the second wavelength. The
second receiver function block verifies whether the correct
transmission route 1s established based on the detected at
least one optical identifier with reference to the at least one
set corresponding data.

It 1s also possible that the first recerver function block
further includes: a demultiplexer for wavelength-demulti-
plexing the wavelength-multiplexed optical signal to gener-
ate the at least one main optical signal and the at least one
optical identifier. The second receiver function block further
includes: at least one set of a main optical signal receiver for
selectively recerving the at least one main optical signal with
the first wavelength, and an optical 1dentifier receiver for
selectively receiving the at least one optical 1dentifier with
the second wavelength, and wherein the optical 1dentifier
receiver further verifies whether the correct transmission
route 1s established based on the at least optical identifier
with reference to the at least one set corresponding data.

It 1s also possible that each of the at least one main optical
signal receiver further includes: a first optical filter for
selectively transmitting the main optical signal with the first
wavelength; and a main optical signal receiver for receiving
the main optical signal with the first wavelength transmitted
through the first optical filter. Each of the at least one optical
identifier recerver further includes: a second optical filter for
selectively transmitting the optical identifier with the second
wavelength; and an optical 1dentifier detector for detecting
the optical identifier with the second wavelength transmitted
through the second optical filter; and for comparing the
optical i1dentifier having the second wavelength to the at
least one set corresponding data.

It 1s also possible that the first recerver function block
further includes the main optical signal receivers and the
second recerver function block further includes the optical
identifier receivers. The main optical signal receivers
receive the main optical signals from respectively corre-
sponding ones of the main optical signal generators. The
optical identifier receivers respectively receive the optical
identifiers from respectively corresponding ones of the opti-
cal identifier generators, and the optical 1dentifier receivers
respectively receive the plural sets of the corresponding data
from respectively corresponding ones of the optical identi-
fier generators. Each of the optical identifier receivers veri-
fies whether the correct transmission route 1s established
based on each corresponding one of the optical 1dentifiers
with reference to each corresponding set of the correspond-
ing data.

It 1s also possible that the first recerver function block
further includes: an arrayed waveguide grating for wave-
length-demultiplexing the wavelength-multiplexed optical
signal to generate the at least one main optical signal with
the first wavelength and the at least one optical 1dentifier
with the second wavelength; and at least one main optical
signal receiver for selectively receiving the at least one main
optical signal with the first wavelength. The second receiver
function block further includes: an optical identifier receiver
for selectively receiving the at least one optical i1dentifier
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with the second wavelength, and wherein the optical 1den-
tifier recerver further verifies whether the correct transmis-
sion route 1s established based on the at least optical 1den-
tifier with reference to the at least one set corresponding
data.

It 15 also possible that each of the at least one main optical
signal recerver further includes: a main optical signal
receiver for recerving the main optical signal with the first
wavelength transmitted through the arrayed waveguide grat-
ing. Each of the at least one optical identifier recerver further
includes: an optical identifier detector for detecting the
optical 1dentifier with the second wavelength transmitted
through the arrayed waveguide grating; and for comparing,
the optical 1dentifier having the second wavelength to the at
least one set corresponding data.

A fourth aspect of the present invention 1s a method of
monitoring establishment of a correct transmission route
between at least one optical signal transmitter and at least
one optical signal recerver. At least one optical identifier 1s
generated which belongs to and 1s different 1n wavelength
from at least one main optical signal. A wavelength-multi-
plexing 1s performed of the at least one main optical signal
and the at least one optical 1dentifier to transmit at least one
wavelength-multiplexed optical signal to the at least one
optical signal recerver. A wavelength-demultiplexing is per-
formed of the at least one wavelength-multiplexed optical
signal to generate the at least one main optical signal and the
at least one optical identifier. A verification 1s made of
whether or not a correct transmission route 1s established,
based on the at least optical identifier with reference to at
least one set corresponding data, which include a first
relationship in correspondence between the at least one main
optical signal and the at least one optical identifier.

It 1s possible that the venfication 1s made by comparing
the first relationship included 1n the at least one set corre-
sponding data to a second relationship between the at least
one main optical signal received by the at least one optical
signal receiver and the at least one optical identifier detected
by the at least one optical signal recerver.

It 1s also possible that the verification 1s made without
subjecting the at least one main optical signal to any
photoelectric conversion, and independently from any trans-
mission rate and any format of the at least one main optical
signal.

It 1s also possible that the at least one set corresponding
data 1s sent from the at least one optical signal transmitter to
the at least one optical signal receiver.

It 1s also possible that the at least one set corresponding
data 1s stored 1n a memory being coupled to the optical
signal transmitter and the optical signal recerver.

It 1s also possible that the at least one set corresponding
data 1s stored 1n a data storing station being coupled to the
optical signal transmitter and the optical signal receiver.

It 1s also possible that the at least one set corresponding
data 1s previously stored in each of the at least one optical
signal transmitter and the at least one optical signal receiver.

It 1s also possible that a notification 1s made whether the
correct transmission route 1s verified between the main
optical signal transmitted by the at least one optical signal
transmitter and the main optical signal received by the at
least one optical signal receiver.

It 1s also possible that a transmission 1s made of the at least
one wavelength-multiplexed optical signal from the at least
one optical signal transmitter to the at least one optical signal
receiver through a wavelength-multiplexed optical network
having a plurality of wavelength-multiplexed optical signal
transmission routes.
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It 1s also possible that a transmaission 1s made of the at least
one wavelength-multiplexed optical signal from the at least
one optical signal transmaitter to the at least one optical signal
receiver through an optical switch having a plurality of
selectable wavelength-multiplexed optical signal transmis-
s10n routes.

It 1s also possible that the at least one set corresponding,
data includes a relationship 1n correspondence between at
least one wavelength of the at least one main optical signal
and at least one reference electric frequency component of
at least one frequency corresponding to the at least one main
optical signal. At least one electric frequency component 1s
detected from the at least one optical 1dentifier wavelength-
demultiplexed. A verification 1s made of whether the correct
transmission route 1s established based on the at least one
clectric frequency component with reference to the at least

one reference electric frequency component imncluded in the
at least one set corresponding data.

It 1s also possible that a frequency-modulated signal 1s
generated at a frequency corresponding to each of the at least
one main optical signal. The at least one optical identifier
frequency-modulated 1s generated by the frequency-modu-
lated signal. A photoelectric conversion 1s made of each of
the at least one optical identifier into an detected electrical
signal. An electric frequency component 1s detected from the
detected electrical signal. The electric frequency component
detected 1s compared to the at least one reference electric
frequency component included in the at least one set corre-
sponding data.

It 1s also possible that each of the at least one set
corresponding data includes a relationship in correspon-
dence between a first wavelength of the main optical signal
and a second wavelength of the optical identifier uniquely
belonging to the main optical signal, so that the second
wavelength uniquely corresponds to the first wavelength. A
selective detection 1s made for the at least one optical
identifier with the second wavelength. A verification 1s made
of whether the correct transmission route 1s established
based on the detected at least one optical identifier with
reference to the at least one set corresponding data.

It 1s also possible that the optical i1dentifier having the
second wavelength 1s generated. A selective transmission 1s
made of the main optical signal with the first wavelength. A
selective transmission 1s made of the optical 1dentifier with
the second wavelength. A detection 1s made of the optical
identifier with the second wavelength transmitted through
the second optical filter. A comparison 1s made of the optical
identifier having the second wavelength to the at least one
set corresponding data.

A fifth aspect of the present invention 1s a method of
transmitting an optical signal. At least one optical 1dentifier
1s generated which belongs to and 1s different in wavelength
from at least one main optical signal. A wavelength-multi-
plexing 1s made of the at least one main optical signal and
the at least one optical i1dentifier to transmit at least one
wavelength-multiplexed optical signal to the at least one
optical signal receiver.

A sixth aspect of the present invention 1s a method of
receiving an optical signal transmitted. A wavelength-de-
multiplexing 1s made of the at least one wavelength-multi-
plexed optical signal to generate the at least one main optical
signal and the at least one optical identifier. A verification 1s
made of whether or not a correct transmission route 1s
established, based on the at least optical i1dentifier with
reference to at least one set corresponding data, which
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include a first relationship in correspondence between the at
least one main optical signal and the at least one optical
identifier.

It 1s also possible that the verification 1s made by com-
paring the first relationship 1included in the at least one set
corresponding data to a second relationship between the at
least one main optical signal received by the at least one
optical signal receiver and the at least one optical 1dentifier
detected by the at least one optical signal receiver.

It 1s also possible that the verification 1s made without

subjecting the at least one main optical signal to any
photoelectric conversion, and independently from any trans-
mission rate and any format of the at least one main optical
signal.

The following embodiments are typical examples for
practicing the foregoing aspects of the present invention.
Although the subject matters of the present invention have
been described 1n details, the following additional descrip-
tions 1n one or more typical preferred embodiments or
examples will be made with reference to the drawings for
making it easy to understand the typical modes for practic-
ing the foregoing aspects of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

First Embodiment

A first embodiment according to the present invention will
be described in detail with reference to the drawings. FIG.
1 1s a block diagram illustrative of an optical signal trans-
mission system including an optical signal transmitter and
an optical signal recerver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work.

An optical signal transmission system includes an optical
signal transmitter 10 and an optical signal receiver 20 which
are optically coupled to each other through a wavelength-
multiplexed optical network N. The optical signal transmis-
s1on system further includes a memory 30 which 1s coupled
to both the optical signal transmitter 10 and the optical signal
receiver 20. This optical signal transmission system 1s
configured to transmit only a main optical signal with a fixed
single wavelength from the optical signal transmitter 10
through the wavelength-multiplexed optical network N to
the optical signal receiver 20.

The optical signal transmitter 10 may further include a
main optical signal transmitter 11, an optical identifier
transmitter 12, and a wavelength-multiplexer 15. The main
optical signal transmitter 11 transmits a main optical signal
with a wavelength “A” to the wavelength-multiplexer 15.
The optical i1dentifier transmitter 12 transmits an optical
identifier which 1s to identify the main optical signal trans-
mitted from the main optical signal transmitter 11. The
optical 1dentifier transmitter 12 may further include a fre-
quency modulator 13 and an optical i1dentifier emitting
device 14 which may be realized by a laser diode which
emits a laser beam as the optical 1dentifier.

The optical identifier emitting device 14 emits an optical

identifier which comprises a laser beam with a wavelength
“Al” which 1s different from the wavelength “A” of the main

optical signal. The optical i1dentifier with the wavelength
“Al” 1s also transmitted to the wavelength-multiplexer 15.
The frequency modulator 13 supplies the optical 1dentifier
emitting device 14 with a modulation signal at a frequency
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“1” which corresponds to the main optical signal with the
wavelength “A” which 1s outputted from the main optical
signal transmitter 11.

The optical identifier transmitter 12 also supplies the
memory 30 with corresponding data which show a relation-
ship 1n correspondence between the wavelength “A” of the
main optical signal outputted from the main optical signal
transmitter 11, and an electric frequency component of the
frequency “1” corresponding to the main optical signal.

The wavelength-multiplexer 15 performs a wavelength-
multiplexing of the main optical signal outputted from the
main optical signal transmitter 11 and the optical 1dentifier
outputted from the optical i1dentifier transmitter 12 and
transmits a wavelength-multiplexed optical signal through
the wavelength-multiplexed optical network N.

The wavelength-multiplexed optical network N allows
transmissions ol wavelength-multiplexed lights.

The memory 30 stores the above corresponding data from
the optical identifier transmaitter 12. The memory 30 may be
realized by any available devices, typical examples of which
may 1include, but not limited to, various semiconductor
memory devices, various magnetic recording devices such
as hard-disk devices, various optical magnetic recording
devices, and various recording mediums.

The optical signal receiver 20 may include a wavelength-
demultiplexer 21, a main optical signal receiver 22, an
optical i1dentifier receiver 23, and an alarm generator 27.

The wavelength-demultiplexer 21 receives the wave-
length-multiplexed signal transmitted through the wave-
length-multiplexed optical network N, and performs a wave-
length-demultiplexing of the wavelength-multiplexed signal
into the main optical signal and the optical identifier, so that
the wavelength-demultiplexer 21 transmits the main optical
signal to the main optical signal recerver 22 and also
transmits the optical identifier to the optical 1dentifier
receiver 23. The main optical signal receiver 22 receives the
main optical signal from the wavelength-demultiplexer 21.

The optical identifier receiver 23 receives the optical
identifier from the wavelength-demultiplexer 21, so that the
optical identifier recerver 23 detects an electric frequency
component of the frequency “I”” corresponding to the main
optical signal with the wavelength “A”. The optical identifier
receiver 23 may further include an optical identifier detector
24, a frequency detector 25 and a frequency comparator 26.
The optical identifier detector 24 may be realized by a
photo-detector PD which receirves and detects the optical
identifier.

The optical i1dentifier detector 24 receives the optical
identifier from the wavelength-demultiplexer 21, so that the
optical identifier detector 24 performs a photoelectric con-
version of the optical identifier mto a detected electrical
signal. The frequency detector 25 receives the detected
clectrical signal from the optical identifier detector 24 and
detects an electric frequency component from the detected
clectrical signal.

The frequency comparator 26 receives the detected elec-
tric frequency component from the frequency detector 25
and also receives the corresponding data from the memory
30, so that the frequency comparator 26 performs a fre-
quency-comparison of the detected electric frequency com-
ponent and the reference electric frequency component
included in the corresponding data, wherein the correspond-
ing data show the relationship 1n correspondence between
the wavelength “A” of the main optical signal outputted from
the main optical signal transmitter 11, and the reference
clectric frequency component of the frequency “1” corre-
sponding to the main optical signal. The frequency com-
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parator 26 generates a frequency-comparison result which
represents a desired or ntended establishment of correct
connection or route, or an undesired or unintended estab-
lishment of 1ncorrect connection or route in the wavelength-
multiplexed optical network N. The frequency comparator
26 sends the frequency-comparison result to the alarm
generator 27.

The alarm generator 27 generates an alarm based on the
frequency-comparison result, 1f the frequency-comparison
result 1s that the detected electric frequency component,
which was included 1n the optical identifier, 1s different from
the reference electric frequency component included in the
corresponding data supplied from the memory 30. The
difference between the detected electric frequency compo-
nent and the reference electric frequency component repre-
sents that the undesired or unintended incorrect connection
or route 1s established in the wavelength-multiplexed optical
network N. Namely, the generated alarm alerts that the
undesired or unintended incorrect connection or route 1s
established in the wavelength-multiplexed optical network
N.

The alarm generator 27 generates no alarm based on the
frequency-comparison result, 1f the frequency-comparison
result 1s that the detected electric frequency component,
which was included in the optical 1dentifier, 1s 1dentical with
the reference electric frequency component included 1n the
corresponding data supplied from the memory 30. The
identity between the detected electric frequency component
and the reference electric frequency component represents
that the undesired or unintended incorrect connection or
route 1s established 1in the wavelength-multiplexed optical
network N. Namely, no generation of alarm notifies that the
desired or mntended correct connection or route 1s established
in the wavelength-multiplexed optical network N.

Subsequent descriptions will focus on operations of the
optical signal transmission system, the optical signal trans-
mitter and the optical signal receiver. Namely, methods of
transmitting and receiving the optical signals will be
described with reference continuously to FIG. 1.

As described above, the optical signal transmission sys-
tem 1s configured to transmit only a main optical signal with
a fixed single wavelength from the optical signal transmitter
10 through the wavelength-multiplexed optical network N to
the optical signal receiver 20.

The main optical signal with a wavelength “A” 1s trans-
mitted from the main optical signal transmitter 11 to the
wavelength-multiplexer 15. Further, the optical identifier 1s
transmitted from the optical identifier transmitter 12 to the
wavelength-multiplexer 15, wherein the optical i1dentifier
has the wavelength “Af” which has been frequency-modu-
lated at the frequency “1” corresponding to the main optical
signal with the wavelength “A” which 1s outputted from the
main optical signal transmitter 11. The main optical signal
and the optical identifier are wavelength-multiplexed by the
wavelength-multiplexer 15, and the wavelength-multiplexed
optical signal 1s then outputted from the wavelength-multi-
plexer 15 and transmitted through the wavelength-multi-
plexed optical network N.

On the other hand, the optical identifier transmitter 12 also
supplies the memory 30 with corresponding data which
show a relationship 1n correspondence between the wave-
length “A” of the main optical signal outputted from the
main optical signal transmuitter 11, and the electric frequency
component of the frequency “I” corresponding to the main
optical signal.

The wavelength-multiplexed signal transmitted through
the wavelength-multiplexed optical network N 1s then
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received by the wavelength-demultiplexer 21, so that the
wavelength-multiplexed signal 1s demultiplexed by the
wavelength-demultiplexer 21 into the main optical signal
and the optical identifier. The main optical signal 1s trans-
mitted from the wavelength-demultiplexer 21 to the main
optical signal receiver 22. The optical identifier 1s transmit-
ted from the wavelength-demultiplexer 21 to the optical
identifier detector 24 in the optical 1dentifier receiver 23.

The optical identifier 1s then subjected to the photoelectric
conversion into a detected electrical signal by the optical
identifier detector 24. The detected electrical signal 1s trans-
mitted from the optical identifier detector 24 to the fre-
quency detector 25, so that the electric frequency component
1s detected from the detected electrical signal by the ire-
quency detector 25.

As described above, the optical 1dentifier received by the
optical identifier detector 24 has the wavelength “Af” which
has been frequency-modulated at the frequency “I” corre-
sponding to the main optical signal with the wavelength “A”.
For this reason, the electric frequency component detected
by the frequency detector 25 1s 1dentical with the frequency
“1” corresponding to the main optical signal with the wave-
length “A” 11 the intended or correct connection or route 1s
established in the wavelength-multiplexed optical network
N.

The detected electric frequency component 1s transmitted
from the frequency detector 25 to the frequency comparator
26. The corresponding data are also transmitted from the
memory 30 to the frequency comparator 26. The frequency
comparator 26 performs a Irequency-comparison of the
detected electric frequency component and the reference
clectric frequency component included in the corresponding
data, wherein the corresponding data show the relationship
in correspondence between the wavelength “A” of the main
optical signal outputted from the main optical signal trans-
mitter 11, and the reference electric frequency component of
the frequency “1” corresponding to the main optical signal.
The frequency comparator 26 generates a frequency-com-
parison result which represents a desired or intended correct
connection or an undesired or unintended incorrect connec-
tion 1n the wavelength-multiplexed optical network N. The
frequency-comparison result 1s sent from the frequency
comparator 26 to the alarm generator 27.

An alarm 1s generated by the alarm generator 27 based on
the frequency-comparison result, if the frequency-compari-
son result 1s that the detected electric frequency component,
which was 1ncluded 1n the optical identifier, 1s different from
the reference electric frequency component included 1n the
corresponding data supplied from the memory 30. The
difference between the detected electric frequency compo-
nent and the reference electric frequency component repre-
sents that the undesired or unintended incorrect connection
or route 1s established in the wavelength-multiplexed optical
network N. Namely, the generated alarm alerts that the
undesired or unintended incorrect connection or route 1s
established 1n the wavelength-multiplexed optical network
N.

No alarm 1s generated by the alarm generator 27 based on
the frequency-comparison result, if the frequency-compari-
son result 1s that the detected electric frequency component,
which was included 1n the optical identifier, 1s 1dentical with
the reference electric frequency component included 1n the
corresponding data supplied from the memory 30. The
identity between the detected electric frequency component
and the reference electric frequency component represents
that the undesired or unmintended incorrect connection or
route 1s established 1n the wavelength-multiplexed optical
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network N. Namely, no generation of alarm notifies that the
desired or intended correct connection or route 1s established
in the wavelength-multiplexed optical network N.

The wavelength-multiplexed optical network N has a
large number of routes for transmissions of the wavelength-
multiplexed optical signals including the main optical signal
and the optical identifier. This wavelength-multiplexed opti-
cal network N allows wavelength-multiplexing 1ndepen-
dently from the signal transmission rate and the transmission
signal format, for which reason, the above-described con-
ventional method of using the overhead applied to the
synchronous digital hierarchy network 1s not applicable 1n
order to monitor any undesired or unintended connection or
route established in the wavelength-multiplexed optical net-
work N.

In accordance with this embodiment, the transmitter per-
forms the following operations. The main optical signal 1s
wavelength-multiplexed with the optical 1dentifier to gener-
ate the wavelength-multiplexed optical signal which 1s then
transited through the wavelength-multiplexed optical net-
work N without any frequency modulation to the main
optical signal. In parallel to this wavelength-multiplexed
optical signal transmission without any frequency modula-
tion to the main optical signal, the corresponding data are
generated, which show a relationship in correspondence
between the wavelength “A” of the main optical signal, and
the electric frequency component ol the frequency 17
corresponding to the main optical signal with the wave-
length “A”.

The wavelength-multiplexed optical signal 1s transmitted
through the wavelength-multiplexed optical network N from
the optical signal transmitter to the optical signal receiver.

The receiver performs the following operations. The
wavelength-multiplexed optical signal 1s wavelength-de-
multiplexed into the main optical signal and the optical
identifier. The electric frequency component 1s detected
from the optical identifier. In parallel, the reference fre-
quency information including the electric frequency com-
ponent of the main optical signal 1s received from the
transmitter, so that the electric frequency component derived
from the optical i1dentifier 1s compared to the electric ire-
quency component derived from the reference frequency
information. The identity between the electric frequency
component derived from the optical 1dentifier and the elec-
tric frequency component derived from the reference ire-
quency information means that the intended or desired
correct connection or route 1s established in the wavelength-
multiplexed optical network N. The diflerence between the
clectric frequency component derived from the optical 1den-
tifier and the electric frequency component derived from the
reference Irequency mformation means that the umintended
or undesired incorrect connection or route 1s established 1n
the wavelength-multiplexed optical network N. The moni-
toring to the correspondence between the optical signal
transmitter and the optical signal recerver through the wave-
length-multiplexed optical network N 1s accomplished with
no frequency modulation to the main optical signal. No
frequency modulation to the main optical signal causes no
deterioration in quality of the main optical signal. Further,
only the optical identifier wavelength-demultiplexed from
the main optical signal 1s subjected to the photo-electric
conversion to detect the electric frequency component from
the optical identifier, while the wavelength-demultiplexed
main optical signal i1s not subjected to any photo-electric
conversion.

The optical identifier transmitter 12 may be coupled to the
memory 30 through any available connection interface. The

10

15

20

25

30

35

40

45

50

55

60

65

20

optical 1dentifier receiver 23 may also be coupled to the
memory 30 through any available connection interface.
Typical examples of the available connection 1nterface may
include, but not limited to, any dedicated optical lines, and
any dedicated electrical lines such as Ethernet (registered
trademark).

As described above, the optical identifier transmitter 12
generates the corresponding data which show a relationship
in correspondence between the wavelength “A” of the main
optical signal outputted from the main optical signal trans-
mitter 11, and the electric frequency component of the
frequency “1”” corresponding to the main optical signal. The
corresponding data are sent to the memory 30 and then
stored 1n the memory 30, so that the optical identifier

receiver 23 reads the corresponding data out of the memory
30.

As a modification to this embodiment, 1t 1s possible that
the fixed corresponding data are previously stored in each of
the optical 1dentifier transmitter 12 and the optical 1dentifier
receiver 23 without using the memory 30.

As described above, the memory 30 may be realized by
any available storing means, typical examples of which may
include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
various recording mediums, and any available data manage-
ment stations or centers. The memory 30 may be placed at
a single location or distributed.

Second Embodiment

A second embodiment according to the present mnvention
will be described in detail with reference to the drawings.
FIG. 2 1s a block diagram illustrative of an optical signal
transmission system including an optical signal transmaitter
and an optical signal recerver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work.

An optical signal transmission system includes an optical
signal transmitter 10 and an optical signal receiver 20 which
are optically coupled to each other through a wavelength-
multiplexed optical network N. The optical signal transmis-
s1on system further includes a memory 30 which 1s coupled
to both the optical signal transmitter 10 and the optical signal
receiver 20. This optical signal transmission system 1s
configured to transmit a plurality of main optical signals
with wavelengths diflerent from each other, from the optical
signal transmitter 10 through the wavelength-multiplexed
optical network N to the optical signal receiver 20.

The optical signal transmitter 10 may further include
plural sets of main optical signal transmitters transmitting a
plurality of main optical signals with wavelengths diflerent
from each other, optical identifier transmitters generating a
plurality of optical identifiers belonging to the plurality of
main optical signals respectively, and a single common
wavelength-multiplexer for performing a wavelength-mul-
tiplexing of the plurality of main optical signals and the
plurality of optical identifiers.

The optical signal receiver 20 may further include a
common single wavelength-demultiplexer, plural sets of
main optical signal receivers and optical identifier recerver,
and a common single alarm generator.

-

T'he following descriptions will be made by assuming that
the number of the above plural sets 1s four.

The optical signal transmitter 10 includes first to fourth
main optical signal transmitters 11-1, 11-2, 11-3 and 11-4,
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first to Tourth optical 1dentifier transmatters 12-1, 12-2, 12-3,
and 12-4, and a wavelength-multiplexer 15.

The first main optical signal transmitter 11-1 transmits a
first main optical signal with a first wavelength “A1” to the
wavelength-multiplexer 15. The first optical 1dentifier trans-
mitter 12-1 transmits a first optical identifier which 1s to
identify the first main optical signal transmitted from the
first main optical signal transmitter 11-1. The first optical
identifier transmitter 12-1 may further include a first fre-
quency modulator 13-1 and a first optical identifier emitting
device 14-1 which may be realized by a laser diode which
emits a laser beam as the optical 1dentifier.

The second main optical signal transmitter 11-2 transmits
a second main optical signal with a second wavelength “A2”
to the wavelength-multiplexer 15. The second optical 1den-
tifier transmitter 12-2 transmits a second optical i1dentifier
which 1s to identily the second main optical signal trans-
mitted from the second main optical signal transmatter 11-2.
The second optical 1dentifier transmitter 12-2 may further
include a second frequency modulator 13-2 and a second
optical identifier emitting device 14-2 which may be realized
by a laser diode which emits a laser beam as the optical
identifier.

The third main optical signal transmitter 11-3 transmits a
third main optical signal with a third wavelength “A3” to the
wavelength-multiplexer 15. The third optical i1dentifier
transmitter 12-3 transmits a third optical 1dentifier which 1s
to 1dentily the third main optical signal transmitted from the
third main optical signal transmitter 11-3. The third optical
identifier transmitter 12-3 may further include a third fre-
quency modulator 13-3 and a third optical identifier emitting
device 14-3 which may be realized by a laser diode which
emits a laser beam as the optical 1dentifier.

The fourth main optical signal transmitter 11-4 transmits
a Tourth main optical signal with a fourth wavelength “A4”
to the wavelength-multiplexer 15. The fourth optical iden-
tifier transmitter 12-4 transmits a fourth optical i1dentifier
which 1s to 1dentify the fourth main optical signal transmit-
ted from the fourth main optical signal transmaitter 11-4. The
tourth optical identifier transmitter 12-4 may further include
a fourth frequency modulator 13-4 and a fourth optical
identifier emitting device 14-4 which may be realized by a
laser diode which emits a laser beam as the optical identifier.

The first optical identifier emitting device 14-1 emits a
first optical 1dentifier which comprises a laser beam with a
wavelength “A1” which 1s different from the first to fourth
wavelengths “Al”, “A27, “A3, and “A4” of the first to fourth
main optical signals. The first frequency modulator 13-1
supplies the first optical identifier emitting device 14-1 with
a first modulation signal at a first frequency “f1” which
corresponds to the first main optical signal with the first
wavelength “A1” which 1s outputted from the first main
optical signal transmitter 11-1. The first optical 1dentifier
with the wavelength “Af” 1s frequency-modulated at the first
frequency “11” which corresponds to the first main optical
signal with the first wavelength “A1”.

The second optical identifier emitting device 14-2 emits a
second optical identifier which comprises a laser beam with
the wavelength “Af” which 1s different from the first to
fourth wavelengths “A17, “A2”, “A3”, and “A4” of the first to
fourth main optical signals. The second frequency modula-
tor 13-2 supplies the second optical i1dentifier emitting
device 14-2 with a second modulation signal at a second
frequency “12” which corresponds to the second main opti-
cal signal with the second wavelength “A2” which 1s out-
putted from the second main optical signal transmaitter 11-2.
The second optical i1dentifier with the wavelength “Af” 1s
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frequency-modulated at the second frequency “12” which
corresponds to the second main optical signal with the
second wavelength “A2”.

The third optical identifier emitting device 14-3 emits a
third optical i1dentifier which eemprises a laser beam with
the wavelength “A1” which 1s different from the first to
fourth Wavelengths “A17, “A27, “A3, and “A4” of the first to
fourth main optical signals. The thlrd frequency modulator
13-3 supplies the third optical identifier emitting device 14-3
with a third modulation signal at a third frequency “13”
which corresponds to the third main optical signal with the
third wavelength “A3” which 1s outputted from the third
main optical signal transmitter 11-3. The third optical 1den-
tifier with the wavelength “Af” 1s frequency-modulated at
the third frequency “13”” which corresponds to the third main
optical signal with the third wavelength “A3”.

The fourth optical 1dentifier emitting device 14-4 emits a
fourth optical identifier which comprises a laser beam with
the wavelength “A1” which 1s different from the first to
fourth wavelengths “A17, “A2”, “A3”, and “A4” of the first to
fourth main optical signals. The fourth frequency modulator
13-4 supplies the fourth optical i1dentifier emitting device
14-4 with a fourth modulation signal at a fourth frequency
“14” which corresponds to the fourth main optical signal
with the fourth wavelength “A4” which 1s outputted from the
fourth main optical signal transmitter 11-4. The fourth
optical i1dentifier with the wavelength “Af” 1s frequency-
modulated at the fourth frequency “14” which corresponds to
the fourth main optical signal with the fourth wavelength
“P

The first optical identifier transmitter 12-1 also supplies
the memory 30 with first corresponding data which show a
first relationship 1n correspondence between the first wave-
length “A1” of the first main optical signal outputted from
the first main optical signal transmitter 11-1, and a first
clectric frequency component of the first frequency “f1”
corresponding to the first main optical signal.

The second optical identifier transmitter 12-2 also sup-
plies the memory 30 with second corresponding data which
show a second relationship 1n correspondence between the
second wavelength “A2” of the second main optical signal
outputted from the second main optical signal transmitter
11-2, and a second electric frequency component of the
second frequency “12” corresponding to the second main
optical signal.

The third optical 1dentifier transmitter 12-3 also supplies
the memory 30 with third corresponding data which show a
third relationship in correspondence between the third wave-
length “A3” of the third main optical signal outputted from
the third main optical signal transmitter 11-3, and a third
clectric frequency component of the third frequeney “13”
corresponding to the third main optical signal.

The fourth optical identifier transmitter 12-4 also supplies
the memory 30 with fourth corresponding data which show
a fourth relationship in correspondence between the fourth
wavelength “A4” of the fourth main optical signal outputted
from the fourth main optical signal transmitter 11-4, and a
tourth electric frequency component of the fourth frequency
“14” corresponding to the fourth main optical signal.

The wavelength-multiplexer 15 performs a wavelength-
multiplexing of the first to fourth main optical signals
outputted from the first to fourth main optical signal trans-
mitters 11-1, 11-2, 11-3, and 11-4 and the first to fourth
optical identifiers outputted from the first to fourth optical
identifier transmitters 12-1, 12-2, 12-3, and 12-4 and trans-
mits a wavelength-multiplexed optical signal through the
wavelength-multiplexed optical network N.
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The wavelength-multiplexed optical network N allows
transmissions of wavelength-multiplexed lights.

The memory 30 stores the above first to fourth corre-
sponding data from the first to fourth optical i1dentifier
transmitters 12-1, 12-2, 12-3 and 12-4. The memory 30 may
be realized by any available devices, typical examples of
which may include, but not limited to, various semiconduc-
tor memory devices, various magnetic recording devices
such as hard-disk devices, various optical magnetic record-
ing devices, and various recording mediums.

The optical signal receiver 20 may include a common
single wavelength-demultiplexer 21, first to fourth main
optical signal receivers 22-1, 22-2, 22-3, and 22-4, first to
tourth optical identifier receivers 23-1, 23-2, 23-3 and 234,
and a common single alarm generator 27.

The wavelength-demultiplexer 21 receives the wave-
length-multiplexed signal transmitted through the wave-
length-multiplexed optical network N, and performs a wave-
length-demultiplexing of the wavelength-multiplexed signal
into the first to fourth main optical signals and the common
optical identifier, so that the wavelength-demultiplexer 21
transmits the first to fourth main optical signals to the first
to fourth main optical signal receivers 22-1, 22-2, 22-3 and
22-4 and also transmits the common optical identifier to
cach of the first to fourth optical identifier receivers 23-1,
23-2, 23-3 and 23-4. The first to fourth main optical signal
recetvers 22-1, 22-2, 22-3, and 22-4 receive the first to
fourth main optical signals from the wavelength-demulti-
plexer 21. The first to fourth optical identifier recervers 23-1,
23-2, 23-3 and 23-4 receive the common optical 1dentifier.

The first optical identifier receiver 23-1 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the first optical identifier receiver 23-2
detects a first electric frequency component of the {first
frequency “I1” corresponding to the first main optical signal
with the first wavelength “A1”. The first optical 1dentifier
receiver 23-1 may further include a first optical 1dentifier
detector 24-1, a first frequency detector 25-1 and a first
frequency comparator 26-1. The first optical identifier detec-
tor 24-1 may be realized by a photo-detector PD which
receives and detects the optical 1dentifier.

The first optical i1dentifier detector 24-1 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the first optical i1dentifier detector 24-1
performs a photoelectric conversion of the first optical
identifier into a first detected electrical signal. The first
frequency detector 25-1 receives the first detected electrical
signal from the first optical identifier detector 24-1 and
detects a first electric frequency component from the first
detected electrical signal.

The first frequency comparator 26-1 receives the first
detected electric frequency component from the first fre-
quency detector 25-1 and also receives the first correspond-
ing data from the memory 30, so that the first frequency
comparator 26-1 performs a frequency-comparison of the
first detected electric frequency component and the first
reference electric frequency component included 1n the first
corresponding data, wherein the first corresponding data
show the first relationship 1n correspondence between the
first wavelength “A1” of the first main optical signal out-
putted from the first main optical signal transmuitter 11-1, and
the first reference electric frequency component of the first
frequency “11” corresponding to the first main optical signal.
The first frequency comparator 26-1 generates a frequency-
comparison result which represents a desired or intended
establishment of correct connection or route, or an undesired
or unintended establishment of incorrect connection or route
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in the wavelength-multiplexed optical network N. The first
frequency comparator 26-1 sends the first frequency-com-
parison result to the alarm generator 27.

The second optical i1dentifier receiver 23-2 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the second optical identifier receiver 23-2
detects a second electric frequency component of the second
frequency “12” corresponding to the second main optical
signal with the second wavelength “A2”. The second optical
identifier receiver 23-2 may further include a second optical
identifier detector 24-2, a second frequency detector 25-2
and a second frequency comparator 26-2. The second optical
identifier detector 24-2 may be realized by a photo-detector
PD which receives and detects the optical 1dentifier.

The second optical i1dentifier detector 24-2 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the second optical identifier detector 24-2
performs a photoelectric conversion of the second optical
identifier into a second detected electrical signal. The second
frequency detector 25-2 receives the second detected elec-
trical signal from the second optical 1dentifier detector 24-2
and detects a second electric frequency component from the
second detected electrical signal.

The second frequency comparator 26-2 receives the sec-
ond detected electric frequency component from the second
frequency detector 235-2 and also receives the second cor-
responding data from the memory 30, so that the second
frequency comparator 26-2 performs a frequency-compari-
son of the second detected electric frequency component and
the second reference electric frequency component included
in the second corresponding data, wherein the second cor-
responding data show the second relationship in correspon-
dence between the second wavelength “A2” of the second
main optical signal outputted from the second main optical
signal transmitter 11-2, and the second reference electric
frequency component of the second frequency “12” corre-
sponding to the second main optical signal. The second
frequency comparator 26-2 generates a frequency-compari-
son result which represents a desired or intended establish-
ment of correct connection or route, or an undesired or
unintended establishment of 1incorrect connection or route in
the wavelength-multiplexed optical network N. The second
frequency comparator 26-2 sends the second frequency-
comparison result to the alarm generator 27.

The third optical i1dentifier receiver 23-3 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the third optical identifier receiver 23-2
detects a third electric frequency component of the third
frequency “13” corresponding to the third main optical
signal with the third wavelength “A3”. The third optical
identifier recerver 23-3 may further include a third optical
identifier detector 24-3, a third frequency detector 235-3 and
a third frequency comparator 26-3. The third optical 1den-
tifier detector 24-3 may be realized by a photo-detector PD
which receives and detects the optical 1dentifier.

The third optical identifier detector 24-3 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the third optical identifier detector 24-3
performs a photoelectric conversion of the third optical
identifier into a thurd detected electrical signal. The third
frequency detector 25-3 receives the third detected electrical
signal from the third optical identifier detector 24-3 and
detects a third electric frequency component from the third
detected electrical signal.

The third frequency comparator 26-3 receives the third
detected electric frequency component from the third fre-
quency detector 25-3 and also recerves the third correspond-
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ing data from the memory 30, so that the third frequency
comparator 26-3 performs a frequency-comparison of the
third detected electric frequency component and the third
reference electric frequency component included 1n the third
corresponding data, wherein the third corresponding data
show the third relationship 1n correspondence between the
third wavelength “A3” of the third main optical signal
outputted from the third main optical signal transmatter 11-3,
and the third reference electric frequency component of the
third frequency “13” corresponding to the third main optical
signal. The third frequency comparator 26-3 generates a
frequency-comparison result which represents a desired or
intended establishment of correct connection or route, or an
undesired or unintended establishment of incorrect connec-
tion or route in the wavelength-multiplexed optical network
N. The third frequency comparator 26-3 sends the third
frequency-comparison result to the alarm generator 27.

The fourth optical identifier receiver 23-4 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the fourth optical identifier receiver 23-2
detects a fourth electric frequency component of the fourth
frequency “14” corresponding to the fourth main optical
signal with the fourth wavelength “A4”. The fourth optical
identifier receiver 23-4 may further include a fourth optical
identifier detector 24-4, a fourth frequency detector 25-4 and
a fourth frequency comparator 26-4. The fourth optical
identifier detector 24-4 may be realized by a photo-detector
PD which receives and detects the optical 1dentifier.

The fourth optical identifier detector 24-4 receives the
common optical identifier from the wavelength-demulti-
plexer 21, so that the fourth optical identifier detector 24-4
performs a photoelectric conversion of the fourth optical
identifier 1nto a fourth detected electrical signal. The fourth
frequency detector 25-4 recerves the fourth detected elec-
trical signal from the fourth optical identifier detector 24-4
and detects a fourth electric frequency component from the
fourth detected electrical signal.

The fourth frequency comparator 26-4 receives the fourth
detected electric frequency component from the fourth fre-
quency detector 25-4 and also receives the fourth corre-
sponding data from the memory 30, so that the fourth
frequency comparator 26-4 performs a frequency-compari-
son of the fourth detected electric frequency component and
the fourth reference electric frequency component included
in the fourth corresponding data, wherein the fourth corre-
sponding data show the fourth relationship 1n correspon-
dence between the fourth wavelength “A4” of the fourth
main optical signal outputted from the fourth main optical
signal transmitter 11-4, and the fourth reference electric
frequency component of the fourth frequency “14” corre-
sponding to the fourth main optical signal. The fourth
frequency comparator 26-4 generates a frequency-compari-
son result which represents a desired or intended establish-
ment of correct connection or route, or an undesired or
unintended establishment of 1ncorrect connection or route in
the wavelength-multiplexed optical network N. The fourth
frequency comparator 26-4 sends the fourth frequency-
comparison result to the alarm generator 27.

The alarm generator 27 generates an alarm based on the
first to fourth frequency-comparison results, if at least one of
the first to fourth frequency-comparison results 1s that the
detected electric frequency component, which was included
in the optical identifier, 1s different from the reference
clectric frequency component included 1n corresponding one
of the first to fourth corresponding data supplied from the
memory 30. The difference between the detected electric
frequency component and the reference electric frequency
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component represents that the undesired or unintended
incorrect connection or route 1s established 1n the wave-
length-multiplexed optical network N. Namely, the gener-
ated alarm alerts that the undesired or unintended incorrect
connection or route 1s established 1n the wavelength-multi-
plexed optical network N.

The alarm generator 27 generates no alarm based on the
frequency-comparison result, 11 each of the first to fourth
frequency-comparison results 1s that the detected electric
frequency component, which was included in the optical
identifier, 1s 1dentical with the reference electric frequency
component included 1n each of the first to fourth correspond-
ing data supplied from the memory 30. The identity between
the detected electric frequency component and the reference
clectric frequency component represents that the undesired
or unintended incorrect connection or route 1s established 1n
the wavelength-multiplexed optical network N. Namely, no
generation of alarm nofifies that the desired or intended
correct connection or route 1s established in the wavelength-
multiplexed optical network N.

Subsequent descriptions will focus on operations of the
optical signal transmission system, the optical signal trans-
mitter and the optical signal receiver. Namely, methods of
transmitting and receiving the optical signals will be
described with reference continuously to FIG. 2.

As described above, the optical signal transmission sys-
tem 1s configured to transmit first to fourth main optical
signals with fixed different first to fourth wavelengths from
the optical signal transmitter 10 through the wavelength-
multiplexed optical network N to the optical signal recerver
20.

The first main optical signal with a first wavelength “A1”
1s transmitted from the first main optical signal transmitter
11-1 to the wavelength-multiplexer 15. Further, the first
optical 1dentifier 1s transmitted from the first optical identi-
fier transmitter 12-1 to the wavelength-multiplexer 15,
wherein the first optical identifier has the wavelength “Af”
which has been frequency-modulated at the first frequency
“11” corresponding to the first main optical signal with the
first wavelength “A1” which 1s outputted from the first main
optical signal transmitter 11-1. The first main optical signal
and the first optical identifier are wavelength-multiplexed by
the wavelength-multiplexer 15, and the wavelength-multi-
plexed optical signal 1s then outputted from the wavelength-
multiplexer 15 and transmitted through the wavelength-
multiplexed optical network N.

On the other hand, the first optical 1dentifier transmitter
12-1 also supplies the memory 30 with {first corresponding
data which show a first relationship 1n correspondence
between the first wavelength “A1” of the first main optical
signal outputted from the first main optical signal transmitter
11-1, and the first electric frequency component of the first
frequency “11” corresponding to the first main optical signal.

The wavelength-multiplexed signal transmitted through
the wavelength-multiplexed optical network N 1s then
received by the wavelength-demultiplexer 21, so that the
wavelength-multiplexed signal 1s demultiplexed by the
wavelength-demultiplexer 21 into the first main optical
signal and the common optical identifier. The first main
optical signal i1s transmitted from the wavelength-demulti-
plexer 21 to the first main optical signal receiver 22. The
common optical i1dentifier 1s transmitted from the wave-
length-demultiplexer 21 to the first optical identifier detector
24-1 1n the first optical identifier receiver 23-1.

The common optical identifier 1s then subjected to the
photoelectric conversion mto a detected electrical signal by
the first optical 1dentifier detector 24-1. The first detected
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clectrical signal 1s transmitted from the first optical identifier
detector 24-1 to the first frequency detector 25-1, so that the
clectric frequency component 1s detected from the detected
clectrical signal by the first frequency detector 25-1.

As described above, the optical 1dentifier received by the
first optical identifier detector 24-1 has the wavelength “A1”.
For this reason, the first electric frequency component
detected by the first frequency detector 23-1 1s 1dentical with
the first frequency *“11” corresponding to the first main
optical signal with the first wavelength “Al1” 1f the intended
or correct connection or route 1s established in the wave-
length-multiplexed optical network N.

The first detected electric frequency component 1s trans-
mitted from the first frequency detector 25-1 to the first
frequency comparator 26-1. The corresponding data are also
transmitted from the memory 30 to the first frequency
comparator 26-1. The first frequency comparator 26-1 per-
forms a frequency-comparison of the first detected electric
frequency component and the first reference electric fre-
quency component included 1n the first corresponding data,
wherein the first corresponding data show the first relation-
ship 1n correspondence between the first wavelength “A1” of
the first main optical signal outputted from the first main
optical signal transmitter 11-1, and the first reference electric
frequency component of the first frequency “11” correspond-
ing to the first main optical signal. The first frequency
comparator 26-1 generates a first frequency-comparison
result which represents a desired or intended correct con-
nection or an undesired or unintended 1ncorrect connection
in the wavelength-multiplexed optical network N. The first
frequency-comparison result 1s sent from the first frequency
comparator 26-1 to the alarm generator 27.

The second main optical signal with a second wavelength
“A2” 15 transmitted from the second main optical signal
transmitter 11-2 to the wavelength-multiplexer 15. Further,
the second optical identifier 1s transmitted from the second
optical i1dentifier transmitter 12-2 to the wavelength-multi-
plexer 15, wherein the second optical identifier has the
wavelength “AL” which has been frequency-modulated at the
second frequency “12” corresponding to the second main
optical signal with the second wavelength “A2” which 1s
outputted from the second main optical signal transmitter
11-2. The second main optical signal and the second optical
identifier are wavelength-multiplexed by the wavelength-
multiplexer 15, and the wavelength-multiplexed optical sig-
nal 1s then outputted from the wavelength-multiplexer 15
and transmaitted through the wavelength-multiplexed optical
network N.

On the other hand, the second optical identifier transmitter
12-2 also supplies the memory 30 with second correspond-
ing data which show a second relationship in correspon-
dence between the second wavelength “A2” of the second
main optical signal outputted from the second main optical
signal transmitter 11-2, and the second electric frequency
component of the second frequency “12” corresponding to
the second main optical signal.

The wavelength-multiplexed signal transmitted through
the wavelength-multiplexed optical network N 1s then
received by the wavelength-demultiplexer 21, so that the
wavelength-multiplexed signal 1s demultiplexed by the
wavelength-demultiplexer 21 into the second main optical
signal and the common optical 1dentifier. The second main
optical signal 1s transmitted from the wavelength-demulti-
plexer 21 to the second main optical signal receiver 22. The
second optical identifier 1s transmitted from the wavelength-
demultiplexer 21 to the second optical i1dentifier detector
24-2 1n the second optical identifier receiver 23-2.
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The common optical identifier 1s then subjected to the
photoelectric conversion into a detected electrical signal by
the second optical identifier detector 24-2. The second
detected electrical signal 1s transmitted from the second
optical 1dentifier detector 24-2 to the second Irequency
detector 25-2, so that the electric frequency component 1s
detected from the detected electrical signal by the second
frequency detector 25-2.

As described above, the optical 1dentifier received by the
second optical 1dentifier detector 24-2 has the wavelength
“Al”. For this reason, the second electric frequency compo-
nent detected by the second frequency detector 25-2 1s
identical with the second frequency “12” corresponding to
the second main optical signal with the second wavelength
“A2” 11 the intended or correct connection or route 1s
established 1n the wavelength-multiplexed optical network
N.

The second detected electric frequency component 1s
transmitted from the second frequency detector 25-2 to the
second frequency comparator 26-2. The corresponding data
are also transmitted from the memory 30 to the second
frequency comparator 26-2. The second frequency compara-
tor 26-2 performs a frequency-comparison of the second
detected electric frequency component and the second ret-
erence electric frequency component included 1n the second
corresponding data, wherein the second corresponding data
show the second relationship in correspondence between the
second wavelength “A2” of the second main optical signal
outputted from the second main optical signal transmitter
11-2, and the second reference electric frequency component
of the second frequency “12” corresponding to the second
main optical signal. The second frequency comparator 26-2
generates a second frequency-comparison result which rep-
resents a desired or intended correct connection or an
undesired or unintended 1ncorrect connection 1n the wave-
length-multiplexed optical network N. The second ire-
quency-comparison result 1s sent from the second frequency
comparator 26-2 to the alarm generator 27.

The third main optical signal with a third wavelength
“A3” 1s transmitted from the third main optical signal
transmitter 11-3 to the wavelength-multiplexer 15. Further,
the third optical identifier 1s transmitted from the third
optical 1dentifier transmitter 12-3 to the wavelength-multi-
plexer 15, wherein the third optical identifier has the wave-
length “A1” which has been frequency-modulated at the third
frequency “13” corresponding to the third main optical
signal with the third wavelength “A3” which 1s outputted
from the third main optical signal transmitter 11-3. The third
main optical signal and the third optical identifier are
wavelength-multiplexed by the wavelength-multiplexer 15,
and the wavelength-multiplexed optical signal 1s then out-
putted from the wavelength-multiplexer 15 and transmitted
through the wavelength-multiplexed optical network N.

On the other hand, the third optical identifier transmitter
12-3 also supplies the memory 30 with third corresponding,
data which show a third relationship 1n correspondence
between the third wavelength “A3” of the third main optical
signal outputted from the third main optical signal transmit-
ter 11-3, and the third electric frequency component of the
third frequency “13” corresponding to the third main optical
signal.

The wavelength-multiplexed signal transmitted through
the wavelength-multiplexed optical network N 1s then
received by the wavelength-demultiplexer 21, so that the
wavelength-multiplexed signal 1s demultiplexed by the
wavelength-demultiplexer 21 into the third main optical
signal and the common optical i1dentifier. The third main
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optical signal 1s transmitted from the wavelength-demulti-
plexer 21 to the third main optical signal receiver 22. The
common optical i1dentifier i1s transmitted from the wave-
length-demultiplexer 21 to the third optical 1dentifier detec-
tor 24-3 1n the third optical i1dentifier receiver 23-3.

The common optical i1dentifier 1s then subjected to the
photoelectric conversion into a detected electrical signal by
the third optical identifier detector 24-3. The third detected
clectrical signal 1s transmitted from the third optical identi-
fier detector 24-1 to the third frequency detector 25-3, so that
the electric frequency component 1s detected from the
detected electrical signal by the third frequency detector

235-3.

As described above, the optical 1dentifier received by the
third optical i1dentifier detector 24-3 has the wavelength
AL, For this reason, the third electric frequency component
detected by the third frequency detector 25-3 is identical
with the third frequency “13” corresponding to the third
main optical signal with the third wavelength “A3” if the
intended or correct connection or route 1s established in the
wavelength-multiplexed optical network N.

The third detected electric frequency component 1s trans-
mitted from the third frequency detector 25-3 to the third
frequency comparator 26-3. The corresponding data are also
transmitted from the memory 30 to the third frequency
comparator 26-3. The third frequency comparator 26-3
performs a frequency-comparison of the third detected elec-
tric frequency component and the third reference electric
frequency component included i the third corresponding
data, wherein the third corresponding data show the third
relationship 1n correspondence between the third wave-
length “A3” of the third main optical signal outputted from
the third main optical signal transmitter 11-3, and the third
reference electric frequency component of the third fre-
quency “13” corresponding to the third main optical signal.
The third frequency comparator 26-3 generates a third
frequency-comparison result which represents a desired or
intended correct connection or an undesired or unintended
incorrect connection in the wavelength-multiplexed optical
network N. The third frequency-comparison result 1s sent
from the third frequency comparator 26-3 to the alarm
generator 27.

The fourth main optical signal with a fourth wavelength
“AM” 1s transmitted from the fourth main optical signal
transmitter 11-4 to the wavelength-multiplexer 15. Further,
the fourth optical identifier 1s transmitted from the fourth
optical i1dentifier transmitter 12-4 to the wavelength-multi-
plexer 15, wherein the fourth optical identifier has the
wavelength “AT” which has been frequency-modulated at the
fourth frequency “14” corresponding to the fourth main
optical signal with the fourth wavelength “A4” which 1s
outputted from the fourth main optical signal transmitter
11-4. The fourth main optical signal and the fourth optical
identifier are wavelength-multiplexed by the wavelength-
multiplexer 15, and the wavelength-multiplexed optical sig-
nal 1s then outputted from the wavelength-multiplexer 15
and transmaitted through the wavelength-multiplexed optical
network N.

On the other hand, the fourth optical identifier transmitter
12-4 also supplies the memory 30 with fourth corresponding
data which show a fourth relationship in correspondence
between the fourth wavelength “A4” of the fourth main
optical signal outputted from the fourth main optical signal
transmitter 11-4, and the fourth electric frequency compo-
nent of the fourth frequency “14” corresponding to the fourth
main optical signal.
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The wavelength-multiplexed signal transmitted through
the wavelength-multiplexed optical network N 1s then
received by the wavelength-demultiplexer 21, so that the
wavelength-multiplexed signal 1s demultiplexed by the
wavelength-demultiplexer 21 into the fourth main optical
signal and the common optical identifier. The fourth main
optical signal i1s transmitted from the wavelength-demulti-
plexer 21 to the fourth main optical signal recerver 22. The
common optical i1dentifier 1s transmitted from the wave-
length-demultiplexer 21 to the fourth optical identifier detec-
tor 24-4 1n the fourth optical identifier receiver 23-4.

The common optical identifier 1s then subjected to the
photoelectric conversion into a detected electrical signal by
the fourth optical identifier detector 24-4. The {fourth
detected electrical signal 1s transmitted from the fourth
optical identifier detector 24-4 to the fourth frequency
detector 25-4, so that the electric frequency component 1s
detected from the detected electrical signal by the fourth
frequency detector 25-4.

As described above, the optical 1dentifier received by the
fourth optical identifier detector 24-4 has the wavelength
“Al”. For this reason, the fourth electric frequency compo-
nent detected by the fourth frequency detector 25-4 1s
identical with the fourth frequency “14” corresponding to the
fourth main optical signal with the fourth wavelength “A4”
if the intended or correct connection or route 1s established
in the wavelength-multiplexed optical network N.

The fourth detected electric frequency component 1s
transmitted from the fourth frequency detector 25-4 to the
fourth frequency comparator 26-4. The corresponding data
are also transmitted from the memory 30 to the fourth
frequency comparator 26-4. The fourth frequency compara-
tor 26-4 performs a Irequency-comparison of the fourth
detected electric frequency component and the fourth refer-
ence electric frequency component included 1n the fourth
corresponding data, wherein the fourth corresponding data
show the fourth relationship in correspondence between the
fourth wavelength “A4” of the fourth main optical signal
outputted from the fourth main optical signal transmitter
11-4, and the fourth reference electric frequency component
of the fourth frequency *“14” corresponding to the fourth
main optical signal. The fourth frequency comparator 26-4
generates a fourth frequency-comparison result which rep-
resents a desired or intended correct connection or an
undesired or umintended 1ncorrect connection in the wave-
length-multiplexed optical network N. The fourth fre-
quency-comparison result 1s sent from the fourth frequency
comparator 26-4 to the alarm generator 27.

An alarm 1s generated by the alarm generator 27 based on
the first to fourth frequency-comparison results, 1f any one
of the first to fourth frequency-comparison results 1s that the
detected electric frequency component, which was included
in the optical identifier, 1s different from the reference
clectric frequency component included 1n the corresponding
data supplied from the memory 30. The difference between
the detected electric frequency component and the reference
clectric frequency component represents that the undesired
or unintended incorrect connection or route 1s established 1n
the wavelength-multiplexed optical network N. Namely, the
generated alarm alerts that the undesired or umintended
incorrect connection or route 1s established in the wave-
length-multiplexed optical network N.

No alarm 1s generated by the alarm generator 27 based on
the frequency-comparison result, i1 each of the first to fourth
frequency-comparison results 1s that the detected electric
frequency component, which was included in the optical
identifier, 1s 1dentical with the reference electric frequency
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component included in the corresponding data supplied from
the memory 30. The identity between the detected electric
frequency component and the reference electric frequency
component represents that the undesired or unintended
incorrect connection or route 1s established in the wave-
length-multiplexed optical network N. Namely, no genera-
tion of alarm notifies that the desired or intended correct
connection or route 1s established 1n the wavelength-multi-
plexed optical network N.

The wavelength-multiplexed optical network N has a
large number of routes for transmissions of the wavelength-
multiplexed optical signals including the main optical signal
and the optical identifier. This wavelength-multiplexed opti-
cal network N allows wavelength-multiplexing i1ndepen-
dently from the signal transmission rate and the transmission
signal format, for which reason, the above-described con-
ventional method of using the overhead applied to the
synchronous digital hierarchy network 1s not applicable 1n
order to monitor any undesired or unintended connection or
route established 1n the wavelength-multiplexed optical net-
work N.

In accordance with this embodiment, the transmaitter per-
forms the following operations. The first to fourth main
optical signals are wavelength-multiplexed with the first to
fourth optical identifiers to generate the wavelength-multi-
plexed optical signal which 1s then transited through the
wavelength-multiplexed optical network N without any fre-
quency modulation to the main optical signal. In parallel to
this wavelength-multiplexed optical signal transmission
without any frequency modulation to the first to fourth main
optical signals, the first to fourth corresponding data are
generated, which show first to fourth relationships in cor-
respondence between the first to fourth wavelengths “A17,
“N27, “A3”7 and “A4” of the first to fourth main optical
signals, and the first to fourth electric frequency components
of the first to fourth frequency 117, “127, “13”, and “14”
corresponding to the first to fourth main optical signals with
the first to fourth wavelength “A17, “A27, “A3” and “A4”.

The wavelength-multiplexed optical signal 1s transmitted
through the wavelength-multiplexed optical network N from
the optical signal transmitter to the optical signal receiver.

The receiver performs the following operations. The
wavelength-multiplexed optical signal 1s wavelength-de-
multiplexed into the first to fourth main optical signals and
the first to fourth optical identifiers. The first to fourth
clectric frequency components are detected from the first to
fourth optical identifiers. In parallel, the first to fourth
reference frequency informations including the first to fourth
clectric frequency components of the first to fourth main
optical signals are recerved from the transmitter, so that the
first to fourth electric frequency components derived from
the first to fourth optical identifiers are compared to the first
to fourth electric frequency components derived from the
first to fourth reference frequency informations. The identity
between the electric frequency component derived from the
optical i1dentifier and the electric frequency component
derived from the reference frequency information means
that the intended or desired correct connection or route 1s
established in the wavelength-multiplexed optical network
N. The difference between the electric frequency component
derived from the optical identifier and the electric frequency
component derived from the reference frequency informa-
tion means that the umintended or undesired incorrect con-
nection or route 1s established 1in the wavelength-multi-
plexed optical network N. The momtoring to the
correspondence between the optical signal transmitter and
the optical signal receiver through the wavelength-multi-
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plexed optical network N 1s accomplished with no frequency
modulation to the main optical signal. No frequency modu-
lation to the main optical signal causes no deterioration 1n
quality of the main optical signal. Further, only the optical
identifier wavelength-demultiplexed from the main optical
signal 1s subjected to the photo-electric conversion to detect
the electric frequency component from the optical identifier,
while the wavelength-demultiplexed main optical signal 1s
not subjected to any photo-electric conversion.

The first to fourth optical identifier transmitters 12-1,
12-2, 12-3 and 12-4 may be coupled to the memory 30
through any available connection interface. The first to
fourth optical identifier recervers 23-1, 23-2, 23-3 and 234
may also be coupled to the memory 30 through any available
connection 1nterface. Typical examples of the available
connection interface may include, but not limited to, any
dedicated optical lines, and any dedicated electrical lines
such as Ethernet (registered trademark).

As described above, the first to fourth optical identifier
transmitters 12-1, 12-2, 12-3 and 12-4 generate the first to
fourth corresponding data which show first to fourth rela-
tionships 1n correspondence between the first to fourth
wavelengths “A17, “A27, “A3” and “A4” of the first to fourth
main optical signals outputted from the first to fourth main
optical signal transmitters 11-1, 11-2, 11-3 and 11-4, and the
first to fourth electric frequency components of the first to
fourth frequencies “117, “12”, “13” and “14” corresponding to
the first to fourth main optical signals. The corresponding
data are sent to the memory 30 and then stored in the
memory 30, so that the optical 1dentifier receiver 23 reads
the corresponding data out of the memory 30.

As a modification to this embodiment, 1t 1s possible that
the fixed corresponding data are previously stored in each of
the first to fourth optical 1dentifier transmitters 12-1, 12-2,
12-3 and 12-4 and the first to fourth optical identifier

receiver 23-1, 23-2, 23-3, 23-4 without using the memory
30.

As described above, the memory 30 may be realized by
any available storing means, typical examples of which may
include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
various recording mediums, and any available data manage-
ment stations or centers. The memory 30 may be placed at
a single location or distributed.

The first to fourth optical 1dentifiers are frequency modu-
lated at different first to fourth frequencies “117, “127, “13”
and “f4” which are different from the first to fourth wave-
lengths “A17, “A27, “A3” and “A4”, so that the first to fourth
optical identifier receivers 23-1, 23-2, 23-3 and 23-4. As a
modification, 1t 1s possible to provide a single optical 1den-
tifier receiver 23 which monitors the first to fourth main
optical signals.

Third Embodiment

A third embodiment according to the present invention
will be described in detail with reference to the drawings.
FIG. 3 1s a block diagram illustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal recerver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work. In this embodiment, the optical signal transmission
system 1s configured to allow that the optical identifier
transmitted from the optical identifier transmitter i1s not
frequency-modulated but the optical identifier has a fixed
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wavelength which 1s unique to and different from the wave-
length of the main optical signal.

An optical signal transmission system includes an optical
signal transmitter 10 and an optical signal receiver 20 which
are optically coupled to each other through a wavelength-
multiplexed optical network N. The optical signal transmis-
sion system further includes a memory 30 which 1s coupled
to both the optical signal transmitter 10 and the optical signal
receiver 20. This optical signal transmission system 1s
configured to transmit only a main optical signal with a fixed
single wavelength from the optical signal transmitter 10
through the wavelength-multiplexed optical network N to
the optical signal receiver 20.

The optical signal transmitter 10 may further include a
main optical signal transmitter 40, an optical i1dentifier
transmitter 41, and a wavelength-multiplexer 15. The main
optical signal transmitter 40 has the same configuration as
the main optical signal transmitter 11 shown in FIG. 1 but
emits or transmits a main optical signal with a wavelength
“Al” to the wavelength-multiplexer 15. The optical 1denti-
fier transmitter 41 transmits an optical identifier which 1s to
identily the main optical signal transmitted from the main
optical signal transmitter 40. The optical identifier transmiut-
ter 41 may further include an optical identifier emitting
device 42 which may be realized by a laser diode which
emits a laser beam as the optical 1dentifier.

The optical 1dentifier emitting device 42 emits an optical
identifier which comprises a laser beam with a wavelength
“Alsv” which 1s different from the wavelength “A1” of the
main optical signal. The optical identifier with the wave-
length “Alsv” 1s also transmitted to the wavelength-multi-
plexer 15.

The optical identifier transmitter 41 also supplies the
memory 30 with corresponding data which show a relation-
ship 1n correspondence between the wavelength “A1” of the
main optical signal outputted from the main optical signal
transmitter 40, and the wavelength “Alsv” of the optical
identifier outputted from the optical identifier transmitter 41.

The wavelength-multiplexer 15 performs a wavelength-
multiplexing of the main optical signal outputted from the
main optical signal transmitter 40 and the optical 1dentifier
outputted from the optical i1dentifier transmitter 41 and
transmits a wavelength-multiplexed optical signal through
the wavelength-multiplexed optical network N.

The wavelength-multiplexed optical network N allows
transmissions of wavelength-multiplexed lights.

The memory 30 stores the above corresponding data from
the optical identifier transmitter 41. The memory 30 may be
realized by any available devices, typical examples of which
may 1include, but not limited to, various semiconductor
memory devices, various magnetic recording devices such
as hard-disk devices, various optical magnetic recording
devices, and various recording mediums.

The optical signal receiver 20 may include a wavelength-
demultiplexer 21, a first optical filter 51, a main optical
signal recerver 22, an optical identifier receiver 52, and an
alarm generator 27.

The wavelength-demultiplexer 21 receives the wave-
length-multiplexed signal transmitted through the wave-
length-multiplexed optical network N, and performs a wave-
length-demultiplexing of the wavelength-multiplexed signal
into the main optical signal and the optical 1dentifier, so that
the wavelength-demultiplexer 21 transmits the main optical
signal to the main optical signal receiver 22 and also
transmits the optical identifier to the optical identifier
receiver 52.
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The first optical filter 51 receives the main optical signal
from the wavelength-demultiplexer 21. The first optical
filter 51 performs a wavelength-filtering which allows a
selective transmission of a light with the wavelength “A1”
only, but cuts off any other lights with any other wave-
lengths. The main optical signal receiver 22 thus receives the
main optical signal with the wavelength “A1” wavelength-
filtered by the first optical filter 51.

The optical identifier receiver 52 receives the optical
identifier from the wavelength-demultiplexer 21, so that the
optical identifier receiver 32 performs a wavelength-filtering
which allows a selective transmission of the optical 1denti-
fier with the wavelength “Alsv” only but cuts off any other
optical identifiers with the other wavelengths, and detects
the optical i1dentifier with the wavelength “Alsv” corre-
sponding to the main optical signal with the wavelength
“Al” for comparing the detected relationship between the
wavelength “Alsv” of the optical identifier and the wave-
length “A1” of the main optical signal to the relationship
included 1n the corresponding data. The optical i1dentifier
receiver 52 may further include a second optical filter 53 and
an optical identifier detector 54. The second optical filter 53
performs a wavelength-filtering which allows a selective
transmission of the optical identifier with the wavelength
“Alsv” only but cuts ofl any other optical identifiers with the
other wavelengths. The optical 1dentifier detector 54
receives the optical identifier with the wavelength “Alsv”
transmitted through the second optical filter 53 and detects
the optical i1dentifier with the wavelength “Alsv” corre-
sponding to the main optical signal with the wavelength
“Al” for comparing the detected relationship between the
wavelength “Alsv” of the optical 1dentifier and the wave-
length “A1” of the main optical signal to the relationship
included 1n the corresponding data. The optical identifier
detector 534 may be realized by a photo-detector PD which
receives and detects the optical identifier. The optical 1den-
tifier detector 54 sends the wavelength-comparison result to
the alarm generator 27.

The alarm generator 27 generates an alarm based on the
wavelength-comparison result, 1f the wavelength-compari-
son result 1s that the detected relationship between the
wavelength “Alsv” of the optical identifier and the wave-
length “A1” of the main optical signal i1s different from the
stored relationship included 1n the corresponding data sup-
plied from the memory 30. The difference of the relation-
ships represents that the undesired or unintended 1ncorrect
connection or route 1s established 1n the wavelength-multi-
plexed optical network N. Namely, the generated alarm
alerts that the undesired or unintended 1ncorrect connection
or route 1s established in the wavelength-multiplexed optical
network N.

The alarm generator 27 generates no alarm based on the
wavelength-comparison result, 1f the wavelength-compari-
son result 1s that the detected relationship between the
wavelength “Alsv” of the optical identifier and the wave-
length “A1” of the main optical signal 1s identical with the
stored relationship included 1n the corresponding data sup-
plied from the memory 30. The identity of the relationships
represents that the undesired or unintended incorrect con-
nection or route 1s established in the wavelength-multi-
plexed optical network N. Namely, no generation of alarm
notifies that the desired or intended correct connection or
route 1s established 1n the wavelength-multiplexed optical
network N.

Subsequent descriptions will focus on operations of the
optical signal transmission system, the optical signal trans-
mitter and the optical signal receiver. Namely, methods of
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transmitting and receiving the optical signals will be
described with reference continuously to FIG. 3.

As described above, the optical signal transmission sys-
tem 1s configured to transmit only a main optical signal with
a fixed single wavelength from the optical signal transmitter
10 through the wavelength-multiplexed optical network N to
the optical signal receiver 20.

The main optical signal with a wavelength “A1” 1s trans-
mitted from the main optical signal transmitter 40 to the
wavelength-multiplexer 15. Further, the optical identifier 1s
transmitted from the optical identifier transmitter 41 to the
wavelength-multiplexer 15, wherein the optical i1dentifier
has the wavelength “A1sv”. The main optical signal and the
optical 1dentifier are wavelength-multiplexed by the wave-
length-multiplexer 135, and the wavelength-multiplexed opti-
cal signal 1s then outputted from the wavelength-multiplexer
15 and transmitted through the wavelength-multiplexed
optical network N.

On the other hand, the optical identifier transmitter 41 also
supplies the memory 30 with corresponding data which
show a relationship 1n correspondence between the wave-
length “Al1” of the main optical signal outputted from the
main optical signal transmitter 40, and the wavelength
“Alsv” of the optical identifier outputted from the optical
identifier transmaitter 41.

The wavelength-multiplexed signal transmitted through
the wavelength-multiplexed optical network N 1s then
received by the wavelength-demultiplexer 21, so that the
wavelength-multiplexed signal 1s demultiplexed by the
wavelength-demultiplexer 21 into the main optical signal
and the optical identifier. The main optical signal 1s wave-
length-filtered by the first optical filter 51, so that the main
optical signal with the wavelength “Al1” 1s transmitted
through the first optical filter 51 to the main optical signal
receiver 22. The optical 1dentifier 1s also wavelength-filtered
by the second optical filter 53, so that the optical 1dentifier
with the wavelength “Alsv” 1s then detected by the optical
identifier detector 54 in the optical 1dentifier receiver 52.

As described above, the optical 1dentifier received by the
optical identifier detector 54 has the wavelength “Alsv”. For
this reason, the detected relationship between the wave-
length “Alsv” of the optical i1dentifier and the wavelength
“Al” of the main optical signal 1s 1dentical with the stored
relationship included i1n the corresponding data supplied
from the memory 30 1f the intended or correct connection or
route 1s established 1in the wavelength-multiplexed optical
network N. The wavelength-comparison result 1s sent from
the optical 1dentifier detector 54 to the alarm generator 27.

An alarm 1s generated by the alarm generator 27 based on
the wavelength-comparison result, 11 the wavelength-com-
parison result 1s that the detected relationship between the
wavelength “Alsv” of the optical 1dentifier and the wave-
length “A1” of the main optical signal 1s different from the
stored relationship included 1n the corresponding data sup-
plied from the memory 30. The difference of the relation-
ships represents that the undesired or umintended 1ncorrect
connection or route 1s established 1n the wavelength-multi-
plexed optical network N. Namely, the generated alarm
alerts that the undesired or unintended 1ncorrect connection
or route 1s established in the wavelength-multiplexed optical
network N.

No alarm 1s generated by the alarm generator 27 based on
the wavelength-comparison result, 11 the wavelength-com-
parison result 1s that the detected relationship between the
wavelength “Alsv” of the optical 1dentifier and the wave-
length “A1” of the main optical signal 1s identical with the
stored relationship included 1n the corresponding data sup-
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plied from the memory 30. The identity of the relationships
represents that the undesired or unintended incorrect con-
nection or route 1s established 1n the wavelength-multi-
plexed optical network N. Namely, no generation of alarm
notifies that the desired or intended correct connection or
route 1s established 1n the wavelength-multiplexed optical
network N.

The wavelength-multiplexed optical network N has a
large number of routes for transmissions of the wavelength-
multiplexed optical signals including the main optical signal
and the optical 1dentifier. This wavelength-multiplexed opti-
cal network N allows wavelength-multiplexing 1ndepen-
dently from the signal transmission rate and the transmission
signal format, for which reason, the above-described con-
ventional method of using the overhead applied to the
synchronous digital hierarchy network 1s not applicable 1n
order to momitor any undesired or unintended connection or
route established 1n the wavelength-multiplexed optical net-
work N.

In accordance with this embodiment, the transmitter per-
forms the following operations. The main optical signal 1s
wavelength-multiplexed with the optical 1dentifier to gener-
ate the wavelength-multiplexed optical signal which 1s then
transited through the wavelength-multiplexed optical net-
work N without any frequency modulation to the main
optical signal. In parallel to this wavelength-multiplexed
optical signal transmission without any frequency modula-
tion to the main optical signal, the corresponding data are
generated, which show a relationship 1n correspondence
between the wavelength “Al1” of the main optical signal
outputted from the main optical signal transmitter 40, and
the wavelength “Alsv” of the optical identifier outputted
from the optical identifier transmitter 41.

The wavelength-multiplexed optical signal 1s transmitted
through the wavelength-multiplexed optical network N from
the optical signal transmitter to the optical signal receiver.

The receiver performs the following operations. The
wavelength-multiplexed optical signal 1s wavelength-de-
multiplexed into the main optical signal and the optical
identifier. In parallel, the corresponding data are received
from the transmitter, so that the detected relationships
between the detected main optical signal and the detected
optical identifier 1s compared to the reference relationship
included in the corresponding data. The identity of the
relationships means that the intended or desired correct
connection or route 1s established 1n the wavelength-multi-
plexed optical network N. The diflerence of the relationships
means that the unintended or undesired incorrect connection
or route 1s established in the wavelength-multiplexed optical
network N. The monitoring to the correspondence between
the optical signal transmitter and the optical signal recerver
through the wavelength-multiplexed optical network N 1s
accomplished with no frequency modulation to the main
optical signal. No frequency modulation to the main optical
signal causes no deterioration 1n quality of the main optical
signal. Further, the wavelength-demultiplexed main optical
signal 1s not subjected to any photo-electric conversion.

The optical identifier transmitter 41 may be coupled to the
memory 30 through any available connection interface. The
optical identifier receiver 52 may also be coupled to the
memory 30 through any available connection interface.
Typical examples of the available connection 1nterface may
include, but not limited to, any dedicated optical lines, and
any dedicated electrical lines such as Ethernet (registered
trademark).

As described above, the optical 1dentifier transmitter 41
generates the corresponding data which show a relationship
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in correspondence between the wavelength “A1” of the main
optical signal outputted from the main optical signal trans-
mitter 40, and the wavelength “Alsv” of the optical 1dentifier
outputted from the optical identifier transmitter 41. The
corresponding data are sent to the memory 30 and then
stored 1n the memory 30, so that the optical identifier
receiver 52 reads the corresponding data out of the memory
30.

As a modification to this embodiment, it 1s possible that
the fixed corresponding data are previously stored in each of
the optical identifier transmitter 41 and the optical identifier
receiver 52 without using the memory 30.

As described above, the memory 30 may be realized by
any available storing means, typical examples of which may
include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
various recording mediums, and any available data manage-
ment stations or centers. The memory 30 may be placed at
a single location or distributed.

As a modification to this embodiment, it 1s possible to use
an arrayed waveguide grating instead of a set of the wave-
length-demultiplexer 21, and the first and second optical
filters 51 and 33 because the arrayed waveguide grating
performs substantially the same function as the function of
the set of the wavelength-demultiplexer 21, and the first and
second optical filters 51 and 53.

Fourth Embodiment

A fourth embodiment according to the present invention
will be described 1n detail with reference to the drawings.
FIG. 4 1s a block diagram illustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal receiver which are optically coupled to
cach other through a wavelength-multiplexed optical net-
work. In this embodiment, the optical signal transmission
system 15 configured to allow that the plural optical 1denti-
fiers transmitted from the plural optical identifier transmuit-
ters are not Ifrequency-modulated but the plural optical
identifier has fixed wavelengths which are unique to and
different from the wavelengths of the plural main optical
signal.

An optical signal transmission system includes an optical
signal transmitter 10 and an optical signal receiver 20 which
are optically coupled to each other through a wavelength-
multiplexed optical network N. The optical signal transmis-
s1on system further includes a memory 30 which 1s coupled
to both the optical signal transmitter 10 and the optical signal
receiver 20. This optical signal transmission system 1s
configured to transmit plural main optical signals with plural
different wavelengths from the optical signal transmaitter 10
through the wavelength-multiplexed optical network N to
the optical signal receiver 20.

The optical signal transmitter 10 may further include first
to fourth main optical signal transmitters 40-1, 40-2, 40-3
and 40-4, first to fourth optical 1dentifier transmaitters 41-1,
41-2, 41-3 and 41-4, and a wavelength-multiplexer 15. The
first to fourth main optical signal transmitters 40-1, 40-2,
40-3 and 40-4 have the same configuration as the main
optical signal transmitter 11 shown in FIG. 1 but emit or
transmit first to fourth main optical signals with first to
fourth wavelengths “A17, “A2”, “A3” and “A4” to the wave-
length-multiplexer 15. The first to fourth optical 1dentifier
transmitters 41-1, 41-2, 41-3 and 41-4 transmat first to fourth
optical identifiers which are to identity the first to fourth
main optical signals transmitted from the first to fourth main
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optical signal transmitters 40-1, 40-2, 40-3 and 40-4, respec-
tively. The first to fourth optical identifier transmaitters 41-1,
41-2, 41-3 and 41-4 may further include first to fourth
optical identifier emitting device 42-1, 42-2, 42-3, and 424,
respectively, each of which may be realized by a laser diode
which emits a laser beam as the optical 1dentifier.

The first to fourth optical identifier emitting device 42-1,
42-2, 42-3, and 42-4 emit first to fourth optical 1dentifiers
which comprise first to fourth laser beams with first to fourth
wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv” which are
different from the first to fourth wavelengths “Al17, “A2”,
“A3” and “A4” of the first to fourth main optical signals. The
first to fourth optical identifiers with the first to fourth
wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv” are also
transmitted to the wavelength-multiplexer 15.

The first to fourth optical identifier transmitters 41-1,
41-2, 41-3 and 41-4 also supply the memory 30 with first to
fourth corresponding data which show first to fourth rela-
tionships 1n correspondence between the first to fourth
wavelengths “A17, “A27, “A3” and “A4” of the first to fourth
main optical signals outputted from the first to fourth main
optical signal transmitters 40-1, 40-2, 40-3 and 40-4, and the
first to fourth wavelengths “Alsv”, “A2sv”, “A3” and “Adsv”
of the first to fourth optical identifiers outputted from the
first to fourth optical identifier transmatters 41-1, 41-2, 41-3
and 41-4.

The wavelength-multiplexer 15 performs a wavelength-
multiplexing of the first to fourth main optical signals
outputted from the first to fourth main optical signal trans-
mitters 40-1, 40-2, 40-3 and 40-4 and the first to fourth
optical identifiers outputted from the first to fourth optical
identifier transmitters 41-1, 41-2, 41-3 and 41-4 and trans-
mits a wavelength-multiplexed optical signal through the
wavelength-multiplexed optical network N.

The wavelength-multiplexed optical network N allows
transmissions ol wavelength-multiplexed lights.

The memory 30 stores the above first to fourth corre-
sponding data from the first to fourth optical identifier
transmitters 41-1, 41-2, 41-3 and 41-4. The memory 30 may
be realized by any available devices, typical examples of
which may include, but not limited to, various semiconduc-
tor memory devices, various magnetic recording devices
such as hard-disk devices, various optical magnetic record-
ing devices, and various recording mediums.

The optical signal receiver 20 may include a wavelength-
demultiplexer 21, first to fourth optical filters 51-1, 51-2,
51-3 and 51-4, first to fourth main optical signal receivers
22-1, 22-2, 22-3 and 22-4, first to fourth optical identifier
receivers 52-1, 52-2, 52-3 and 52-4, and an alarm generator
27.

The wavelength-demultiplexer 21 receives the wave-
length-multiplexed signal transmitted through the wave-
length-multiplexed optical network N, and performs a wave-
length-demultiplexing of the wavelength-multiplexed signal
into the first to fourth main optical signals and the first to
fourth optical i1dentifiers, so that the wavelength-demulti-
plexer 21 transmits the first to fourth main optical signals to
the first to fourth main optical signal receivers 22-1, 22-2,
22-3 and 22-4, respectively and also transmits the first to
fourth optical identifiers to the first to fourth optical identi-
fier receivers 52-1, 52-2, 52-3 and 52-4.

The first to fourth optical filters 51-1, 51-2, 51-3 and 51-4
receive the main optical signal from the wavelength-demul-
tiplexer 21. The first to fourth optical filters 51-1, 51-2, 51-3
and 51-4 perform wavelength-filtering which allow selective
transmissions of lights with the first to fourth wavelengths

“A17, “A27, “A3” and*A4” only, but cuts off any other lights
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with any other wavelengths. The first to fourth main optical
signal recervers 22-1, 22-2, 22-3 and 22-4 thus receive the

first to fourth main optical signals with the first to fourth
wavelengths “A17, “A27, “A3” and “A4” wavelength-filtered
by the first to fourth optical filters 51-1, 51-2, 51-3 and 51-4,

respectively.

The first to fourth optical 1dentifier receivers 52-1, 52-2,
52-3 and 52-4 recerve the first to fourth optical 1dentifiers
from the wavelength-demultiplexer 21, so that the first to

fourth optical 1dentifier recervers 52-1, 52-2, 52-3 and 52-4

perform wavelength-filtering which allow selective trans-
missions of the first to fourth optical identifiers with the first

to fourth wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv”
only but cut ofl any other optical identifiers with the other
wavelengths, and detect the first to fourth optical identifiers
with the first to fourth wavelengths “Alsv”, “A2sv”, “A3sv”
and “Adsv” corresponding to the first to fourth main optical
signals with the first to fourth wavelengths “A17, “A27, “A3”
and “A4” for comparing the detected relationship between
the first to fourth wavelengths “Alsv”, “A2sv”, “A3sv” and
“Asv” of the first to fourth optical identifiers and the first to
tourth wavelengths “A17, “A2”, “A3” and “A4” of the first to
fourth main optical signals to the first to fourth relationships
included 1n the first to fourth corresponding data. The first to
fourth optical 1dentifier recervers 52-1, 52-2, 52-3 and 52-4
may further include fifth to eighth optical filters 53-1, 53-2,
53-3, 53-4 and first to Tourth optical identifier detectors 54-1,
54-2, 54-3, and 54-4. The fifth to eighth optical filters 53-1,
53-2, 53-3, 53-4 perform wavelength-filtering which allow
selective transmissions of the optical identifiers with the first
to fourth wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv”
only but cut off any other optical identifiers with the other
wavelengths. The first to fourth optical 1dentifier detectors
54-1, 54-2, 54-3, and 54-4 receive the first to fourth optical
identifiers with the wavelengths “Alsv™, “A2sv”, “A3sv”” and
“Asv” transmitted through the fifth to eighth optical filters
53-1, 53-2, 53-3, 53-4 and detect the first o fourth optical
identifiers with the first to fourth wavelengths “Alsv”,
“A2sv”, “A3sv” and “Adsv” corresponding to the first to
fourth main optical signal with the first to fourth wave-
lengths “A17, “A2”, “A3” and “A4” for comparing the
detected relationships between the first to fourth wave-
lengths “Alsv”, “A2sv”, “A3sv” and “Adsv” of the first to
tourth optical identifiers and the first to fourth wavelengths
“A17, “A27, “A37 and “A4” of the first to fourth main optical
signals to the first to fourth relationships included in the first
to fourth corresponding data. Each of the first to fourth
optical identifier detectors 54-1, 54-2, 54-3, and 54-4 may be
realized by a photo-detector PD which receives and detects
the optical identifier. The first to fourth optical i1dentifier
detectors 54-1, 54-2, 54-3, and 54-4 send the first to fourth
wavelength-comparison results to the alarm generator 27.

The alarm generator 27 generates an alarm based on the
first to fourth wavelength-comparison results, 1 any one of
the first to fourth wavelength-comparison results 1s that the
detected relationship between the relationships between the
first to fourth wavelengths “Alsv”, “A2sv”, “A3sv” and
“Asv” of the first to fourth optical identifiers and the first to
fourth Wavelengths “A17, “A27, A3 and “A4” of the first to
fourth main optical signals are d1 erent from the stored first
to fourth relationships included 1n the first to fourth corre-
sponding data supplied from the memory 30. The difference
of the relationships represents that the undesired or unin-
tended incorrect connection or route 1s established in the
wavelength-multiplexed optical network N. Namely, the
generated alarm alerts that the undesired or unmintended
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incorrect connection or route 1s established 1n the wave-
length-multiplexed optical network N.

The alarm generator 27 generates no alarm based on the
wavelength-comparison result, 1f the wavelength-compari-
son result 1s that the detected first to fourth relationships
between the first to fourth wavelengths “Alsv”, “A2sv”,
“A3sv” and “Adsv” of the first to fourth optical i1dentifiers
and the first to fourth wavelengths “A17, “A2”, “A3” and
“A” of the first to fourth main optical signals are 1dentical
with the stored first to fourth relationships included in the
first to fourth corresponding data supplied from the memory
30. The identity of the relationships represents that the
undesired or unintended incorrect connection or route 1s
established 1n the wavelength-multiplexed optical network
N. Namely, no generation of alarm notifies that the desired
or intended correct connection or route 1s established 1n the
wavelength-multiplexed optical network N.

Subsequent descriptions will focus on operations of the
optical signal transmission system, the optical signal trans-
mitter and the optical signal receiver. Namely, methods of
transmitting and receiving the optical signals will be
described with reference continuously to FIG. 4.

As described above, the optical signal transmission sys-
tem 1s configured to transmit first to fourth main optical
signals with fixed first to fourth wavelengths from the
optical signal transmitter 10 through the wavelength-multi-
plexed optical network N to the optical signal receiver 20.

The first to fourth main optical signals with first to fourth
wavelengths “A17, “A27, “A3” and “A4” are transmitted from
the first to fourth main optical signal transmaitters 40-1, 40-2,
40-3 and 40-4 to the wavelength-multiplexer 15. Further, the
first to Tourth optical identifiers are transmitted from the first
to fourth optical identifier transmitters 41-1, 41-2, 41-3 and
41-4 to the wavelength-multiplexer 15, wherein the optical
identifier has the wavelengths “Alsv”, “A2sv”, “A3sv” and
“Asv”. The main optical signal and the optical identifier are
wavelength-multiplexed by the wavelength-multiplexer 15,
and the wavelength-multiplexed optical signal 1s then out-
putted from the wavelength-multiplexer 15 and transmitted
through the wavelength-multiplexed optical network N.

On the other hand, the first to fourth optical i1dentifier
transmitters 41-1, 41-2, 41-3 and 41-4 also supplies the
memory 30 with corresponding data which show a relation-
ship 1n correspondence between the first to fourth wave-
lengths “A17, “A27, “A3” and “A4” of the main optical signal
outputted from the first to fourth main optical signal trans-
mitters 40-1, 40-2, 40-3 and 40-4, and the first to fourth
wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv” of the first
to Tourth optical identifiers outputted from the first to fourth
optical identifier transmuitters 41-1, 41-2, 41-3 and 41-4.

The wavelength-multiplexed signal transmitted through
the wavelength-multiplexed optical network N 1s then
received by the wavelength-demultiplexer 21, so that the
wavelength-multiplexed signal 1s demultiplexed by the
wavelength-demultiplexer 21 into the first to fourth main
optical signals and the first to fourth optical identifiers. The
first to fourth main optical signals are wavelength-filtered by
the first to fourth optical filters 51-1, 51-2, 51-3 and 51-4, so
that the first to fourth main optical 31gnals with the ﬁrst to
fourth wavelengths “A17, “A27, “A3” and “A4” are transmit-
ted through the first to fourth optical filters 51-1, 51-2, 51-3
and 51-4 to the first to fourth main optical signal receivers
22-1, 22-2, 22-3 and 22-4. The first to fourth optical 1den-
tifiers are also wavelength-filtered by the fifth to eighth
optical filters 53-1, 53-2, 53-3, 53-4, so that the first to fourth
optical 1dentifiers with the first to fourth wavelengths
“Alsv”, “A2sv”, “A3sv” and “Adsv’” are then detected by the
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first to fourth optical identifier detectors 54-1, 54-2, 54-3,
and 54-4 1n the first to fourth optical identifier receivers
52-1, 52-2, 52-3 and 52-4.

As described above, the first to fourth optical identifiers
received by the first to fourth optical identifier detectors
54-1, 54-2, 54-3, and 54-4 have the first to fourth wave-
lengths “Alsv”, “A2sv”, “A3sv” and “Adsv”. For this reason,
the detected first to fourth relationships between the first to
tourth wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv” of
the first to fourth optical identifiers and the first to fourth
wavelengths “A17, “A27, “A3” and “A4” of the first to fourth
main optical signals are identical with the stored first to
fourth relationships included in the first to fourth corre-
sponding data supplied from the memory 30 if the intended
or correct connection or route 1s established in the wave-
length-multiplexed optical network N. The first to fourth
wavelength-comparison results are sent from the first to
fourth optical identifier detectors 54-1, 54-2, 54-3, and 54-4
to the alarm generator 27.

An alarm 1s generated by the alarm generator 27 based on
the first to fourth wavelength-comparison results, if at least
one of the first to fourth wavelength-comparison results 1s
that the detected first to fourth relationships between the first
to fourth wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv” of
the first to fourth optical identifiers and the first to fourth
wavelengths “A17, “A27, “A3” and “A4” of the first to fourth
main optical signals 1s different from the stored relationship
included i1n the corresponding data supplied from the
memory 30. The difference of the relationships represents
that the undesired or unintended incorrect connection or
route 1s established 1in the wavelength-multiplexed optical
network N. Namely, the generated alarm alerts that the
undesired or unintended incorrect connection or route 1s
established in the wavelength-multiplexed optical network
N.

No alarm 1s generated by the alarm generator 27 based on
the first to fourth wavelength-comparison results, 11 all of the
first to fourth wavelength-comparison results are that the
detected first to fourth relationships between the first to
fourth wavelengths “Alsv”, “A2sv”, “A3sv” and “Adsv” of
the first to fourth optical identifiers and the first to fourth
wavelengths “A17, “A27, “A3” and “A4” of the first to fourth
main optical signals are identical with the stored first to
fourth relationships included in the first to fourth corre-
sponding data supplied from the memory 30. The identity of
the relationships represents that the undesired or umintended
incorrect connection or route 1s established in the wave-
length-multiplexed optical network N. Namely, no genera-
tion of alarm nofifies that the desired or intended correct
connection or route 1s established 1n the wavelength-multi-
plexed optical network N.

The wavelength-multiplexed optical network N has a
large number of routes for transmissions of the wavelength-
multiplexed optical signals including the main optical signal
and the optical identifier. This wavelength-multiplexed opti-
cal network N allows wavelength-multiplexing i1ndepen-
dently from the signal transmission rate and the transmission
signal format, for which reason, the above-described con-
ventional method of using the overhead applied to the
synchronous digital hierarchy network 1s not applicable 1n
order to monitor any undesired or unintended connection or
route established 1n the wavelength-multiplexed optical net-
work N.

In accordance with this embodiment, the transmaitter per-
forms the following operations. The first to fourth main
optical signals are wavelength-multiplexed with the first to
fourth optical identifiers to generate the wavelength-multi-
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plexed optical signal which 1s then transited through the
wavelength-multiplexed optical network N without any fre-
quency modulation to the main optical signal. In parallel to
this wavelength-multiplexed optical signal transmission
without any frequency modulation to the main optical sig-
nal, the first to fourth corresponding data are generated,
which show first to fourth relationships 1n correspondence
between the first to fourth wavelengths “A17, “A27, “A3” and
“A” of the first to fourth main optical signals outputted from
the first to fourth main optical signal transmaitters 40-1, 40-2,
40-3 and 40-4, and the first to fourth wavelengths “Alsv”,
“A2sv”, “A3sv” and “Adsv” of the first to fourth optical
identifiers outputted from the first to fourth optical identifier
transmitters 41-1, 41-2, 41-3 and 41-4.

The wavelength-multiplexed optical signal 1s transmitted
through the wavelength-multiplexed optical network N from
the optical signal transmitter to the optical signal receiver.

The receiver performs the following operations. The
wavelength-multiplexed optical signal 1s wavelength-de-
multiplexed into the main optical signal and the optical
identifier. In parallel, the corresponding data are received
from the transmitter, so that the detected relationships
between the detected main optical signals and the detected
optical identifiers are compared to the reference relation-
ships 1included 1n the corresponding data. The 1dentity of the
relationships means that the intended or desired correct
connection or route 1s established 1n the wavelength-multi-
plexed optical network N. The difference of the relationships
means that the unintended or undesired 1ncorrect connection
or route 1s established in the wavelength-multiplexed optical
network N. The monitoring to the correspondence between
the optical signal transmitter and the optical signal recerver
through the wavelength-multiplexed optical network N 1s
accomplished with no frequency modulation to the main
optical signal. No frequency modulation to the main optical
signal causes no deterioration 1n quality of the main optical
signal. Further, the wavelength-demultiplexed main optical
signal 1s not subjected to any photo-electric conversion.

The first to fourth optical identifier transmitters 41-1,
41-2, 41-3 and 41-4 may be coupled to the memory 30
through any available connection interface. The first to
fourth optical identifier recervers 52-1, 52-2, 52-3 and 52-4
may also be coupled to the memory 30 through any available
connection 1nterface. Typical examples of the available
connection interface may include, but not limited to, any
dedicated optical lines, and any dedicated electrical lines
such as Ethernet (registered trademark).

As described above, the first to fourth optical identifier
transmitters 41-1, 41-2, 41-3 and 41-4 generate the first to
fourth corresponding data which show first to fourth rela-
tionships 1n correspondence between the first to fourth
wavelengths “A17, “A27, “A3” and “A4” of the first to fourth
main optical signals outputted from the first to fourth main
optical signal transmitters 40-1, 40-2, 40-3 and 40-4, and the
first to fourth wavelengths “Alsv’*“A2sv”, “A3sv” and
“Asv” of the first to Tourth optical 1dentifiers outputted from
the first to fourth optical 1dentifier transmitters 41-1, 41-2,
41-3 and 41-4. The corresponding data are sent to the
memory 30 and then stored in the memory 30, so that the
first to fourth optical identifier receivers 52-1, 52-2, 52-3 and
52-4 read the corresponding data out of the memory 30.

As a modification to this embodiment, 1t 1s possible that
the fixed corresponding data are previously stored in each of
the first to fourth optical 1dentifier transmitters 41-1, 41-2,
41-3 and 41-4 and the first to fourth optical 1dent1ﬁer
receivers 52-1, 52-2, 52-3 and 52-4 without using the

memory 30.
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As described above, the memory 30 may be realized by
any available storing means, typical examples of which may
include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
various recording mediums, and any available data manage-
ment stations or centers. The memory 30 may be placed at
a single location or distributed.

As a modification to this embodiment, it 1s possible to use
an arrayed waveguide grating instead of a set of the wave-
length-demultiplexer 21, and the first to eighth optical filters
51-1,51-2,51-3,51-4, 53-1, 53-2, 53-3 and 53-4 because the
arrayed waveguide grating performs substantially the same
function as the function of the set of the wavelength-
demultiplexer 21, and the first to eighth optical filters 51-1,
51-2, 51-3, 51-4, 53-1, 53-2, 53-3 and 534.

Fifth Embodiment

A fifth embodiment according to the present imvention
will be described 1n detail with reference to the drawings.
FIG. § 1s a block diagram illustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal receirver which are optically coupled to
cach other through an optical switch.

An optical signal transmission system includes an optical
signal transmitter and an optical signal receiver which are
optically coupled to each other through an optical switch
SW. The optical signal transmission system further includes
a memory 30 which 1s coupled to both the optical signal
transmitter and the optical signal receiver. This optical signal
transmission system 1s configured to transmit first and
second main optical signals with fixed first and second
wavelengths from the optical signal transmitter through the
optical switch SW to the optical signal receiver.

The optical switch SW has first and second inputs and first
and second outputs. The optical switch SW switches routes
among the first and second inputs and the first and second
outputs.

A first main optical signal with a first wavelength “A1” 1s
transmitted from a first main optical signal transmitter to a
first wavelength-multiplexer 15a. A first optical 1dentifier
with a first wavelength “Asv” frequency-modulated at a first
frequency “11” 1s also transmitted from a first optical 1den-
tifier transmitter 12a to the first wavelength-multiplexer 15a.
The first main optical signal transmitter has the same con-
figuration as the main optical signal transmitter 11 shown 1n
FIG. 1, except that the first main optical signal transmitter
transmits the first main optical signal with the first wave-
length “A1”. The first optical identifier transmitter 12a also
has the same configuration as the optical 1dentifier transmit-
ter 12 shown 1n FIG. 1, except that the first optical identifier
transmitter 12a transmits the first optical identifier with the
wavelength “Asv” which corresponds to the first wavelength
“Al1” of the first main optical signal, wherein the first optical
identifier 1s frequency-modulated at the first frequency “11”.

The first wavelength-multiplexer 15a performs wave-
length-multiplexing of the first main optical signal and the
first optical i1dentifier to generate a first wavelength-multi-
plexed optical signal. The first wavelength-multiplexer 134
1s optically connected through a first optical fiber 60a to the
first iput of the optical switch SW. The first wavelength-
multiplexed optical signal 1s then transmitted through the
first optical fiber 60qa to the first input of the optical switch
SW.

The first optical identifier transmitter 12a also supplies the
memory 30 with first corresponding data which show a first
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relationship 1n correspondence between the first wavelength
“Al” of the first main optical signal outputted from the first
main optical signal transmitter, and a first electric frequency
component of the first frequency “I1” corresponding to the
first main optical signal.

A second main optical signal with a second wavelength
“A2” 1s transmitted from a second main optical signal
transmitter to a second wavelength-multiplexer 155. A sec-
ond optical identifier with a second wavelength “Asv” fre-
quency-modulated at a second frequency “12” 1s also trans-
mitted from a second optical identifier transmaitter 125 to the
second wavelength-multiplexer 155. The second main opti-
cal signal transmitter has the same configuration as the main
optical signal transmitter 11 shown 1n FIG. 1, except that the
second main optical signal transmitter transmits the second
main optical signal with the second wavelength “A2”. The
second optical identifier transmitter 125 also has the same
configuration as the optical 1dentifier transmitter 12 shown
in FI1G. 1, except that the second optical 1dentifier transmaitter
1256 transmits the second optical 1dentifier with the wave-
length “Asv” which corresponds to the second wavelength
“A2” of the second main optical signal, wherein the second
optical identifier 1s frequency-modulated at the second fre-
quency “12”.

The second wavelength-multiplexer 135 performs wave-
length-multiplexing of the second main optical signal and
the second optical i1dentifier to generate a second wave-
length-multiplexed optical signal. The second wavelength-
multiplexer 1556 1s optically connected through a second
optical fiber 605 to the second put of the optical switch
SW. The second wavelength-multiplexed optical signal 1s
then transmitted through the second optical fiber 605 to the
second 1nput of the optical switch SW.

The second optical 1dentifier transmitter 125 also supplies
the memory 30 with second corresponding data which show
a second relationship in correspondence between the second
wavelength “A2” of the second main optical signal outputted
from the second main optical signal transmitter, and a
second electric frequency component of the second {fre-
quency “12” corresponding to the second main optical
signal.

The optical switch SW allows transmissions of the first
and second wavelength-multiplexed optical signals.

The memory 30 stores the above first and second corre-
sponding data from the first and second optical identifier
transmitter 12a and 1256. The memory 30 may be realized by
any available devices, typical examples of which may
include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
and various recording mediums.

A first wavelength-demultiplexer 21a 1s connected
through a third optical fiber 61a to the first output of the
optical switch SW for receiving the first wavelength-demul-
tiplexed optical signal. A second wavelength-demultiplexer
215 1s connected through a fourth optical fiber 615 to the
second output of the optical switch SW for receiving the
second wavelength-demultiplexed optical signal.

The first wavelength-demultiplexer 21a performs a wave-
length-demultiplexing of the first wavelength-multiplexed
signal 1nto the first main optical signal and the first optical
identifier, so that the first wavelength-demultiplexer 21a
transmuits the first main optical signal to the first main optical
signal recerver and also transmits the first optical identifier
to the first optical identifier recerver 23a.

The second wavelength-demultiplexer 215 performs a
wavelength-demultiplexing of the second wavelength-mul-
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tiplexed signal into the second main optical signal and the
second optical i1dentifier, so that the second wavelength-
demultiplexer 215 transmits the second main optical signal
to the second main optical signal receiver and also transmits
the second optical identifier to the second optical 1dentifier
receiver 23b.

The first optical 1dentifier receiver 23a recerves the first
optical identifier from the first wavelength-demultiplexer
21a, so that the first optical identifier receiver 23a detects a
first electric frequency component of the first frequency “11”
corresponding to the first main optical signal with the
wavelength “A1”. The first optical identifier receiver 23a has
the same configuration as the optical 1dentifier receiver 23
shown 1 FIG. 1. Namely, the optical identifier receiver 23a
may further include a first optical identifier detector 24a, a
first frequency detector 254q and a first frequency comparator
26a. The first optical identifier detector 24a may be realized
by a photo-detector PD which receives and detects the
optical identifier.

The first optical 1dentifier detector 24a recerves the first
optical identifier from the first wavelength-demultiplexer
21a, so that the first optical 1dentifier detector 24a performs
a photoelectric conversion of the first optical identifier into
a detected electrical signal. The first frequency detector 25a
receives the detected first electrical signal from the first
optical identifier detector 24a and detects a first electric
frequency component from the detected first electrical sig-
nal.

The first frequency comparator 26a receives the detected
first electric frequency component from the first frequency
detector 25a and also recerves the first corresponding data
from the memory 30, so that the first frequency comparator
26a performs a frequency-comparison of the detected first
clectric frequency component and the first reference electric
frequency component included in the first corresponding
data, wherein the first corresponding data show the first
relationship 1n correspondence between the first wavelength
“Al1” of the first main optical signal outputted from the first
main optical signal transmitter, and the first reference elec-
tric frequency component of the first frequency “f1” corre-
sponding to the first main optical signal. The first frequency
comparator 26a generates a {first Irequency-comparison
result which represents a desired or intended establishment
of correct connection or route, or an undesired or unintended
establishment of incorrect connection or route in the optical
switch SW. The first frequency comparator 26a sends the
first frequency-comparison result to the alarm generator 27.

The second optical i1dentifier receiver 23b receives the
second optical i1dentifier from the second wavelength-de-
multiplexer 215, so that the second optical identifier recerver
23b detects a second electric frequency component of the
second frequency “12” corresponding to the second main
optical signal with the wavelength “A2”. The second optical
identifier receiver 235 has the same configuration as the
optical identifier recerver 23 shown 1n FIG. 1. Namely, the
optical identifier recerver 235 may turther include a second
optical identifier detector 24b, a second frequency detector
25b and a second frequency comparator 265. The second
optical i1dentifier detector 246 may be realized by a photo-
detector PD which receives and detects the optical identifier.

The second optical i1dentifier detector 24b receives the
second optical i1dentifier from the second wavelength-de-
multiplexer 215, so that the second optical identifier detector
24b performs a photoelectric conversion of the second
optical identifier into a detected electrical signal. The second
frequency detector 2556 recerves the detected second elec-
trical signal from the second optical identifier detector 245
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and detects a second electric frequency component from the
detected second electrical signal.

The second frequency comparator 265 receives the
detected second electric frequency component from the
second frequency detector 255 and also recerves the second
corresponding data from the memory 30, so that the second
frequency comparator 265 performs a frequency-compari-
son of the detected second electric frequency component and
the second reference electric frequency component included
in the second corresponding data, wherein the second cor-
responding data show the second relationship in correspon-
dence between the second wavelength “A2” of the second
main optical signal outputted from the second main optical
signal transmitter, and the second reference electric ire-
quency component of the second frequency “12” corre-
sponding to the second main optical signal. The second
frequency comparator 265 generates a second frequency-
comparison result which represents a desired or intended
establishment of correct connection or route, or an undesired
or unintended establishment of incorrect connection or route
in the optical switch SW. The second frequency comparator
266 sends the second frequency-comparison result to the
alarm generator 27.

The alarm generator 27 generates an alarm based on the
first and second frequency-comparison results, 1f at least any
one of the first and second frequency-comparison results 1s
that the detected electric frequency component, which was
included 1n the optical identifier, 1s different from the ret-
erence electric frequency component included 1n the corre-
sponding data supplied from the memory 30. The difference
between the detected electric frequency component and the
reference electric frequency component represents that the
undesired or unintended incorrect connection or route 1s
established 1n the optical switch SW. Namely, the generated
alarm alerts that the undesired or umntended incorrect
connection or route 1s established 1n the optical switch SW.

The alarm generator 27 generates no alarm based on the
first and second frequency-comparison results, 1f both the
first and second frequency-comparison results are that the
detected electric frequency component, which was included
in the optical identifier, 1s i1dentical with the reference
clectric frequency component included 1n the corresponding
data supplied from the memory 30. The identity between the
detected electric frequency component and the reference
clectric frequency component represents that the undesired
or unintended incorrect connection or route 1s established 1n
the optical switch SW. Namely, no generation of alarm
notifies that the desired or intended correct connection or
route 1s established in the optical switch SW.

If the correct connection or route is established 1n the
optical switch SW, then the first optical 1dentifier 23q detects
only the electric frequency component at the first frequency
“11”’, while the second optical identifier 235 detects only the
clectric frequency component at the second frequency “12”.

If the 1ncorrect connection or route 1s established 1n the
optical switch SW, then the first optical identifier 234 detects
only the electric frequency component at the second ire-
quency “12”, while the second optical identifier 235 detects
only the electric frequency component at the first frequency
“117.

If any undesired cross-talk appears 1n the optical switch
SW, then each of the first and second optical identifiers 23a
and 23b detects both the electric frequency components at
the first and second frequencies “f1” and “12”.

The optical switch SW has a plurality of routes for
transmissions ol the wavelength-multiplexed optical signals
including the main optical signal and the optical identifier.
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This optical switch SW allows wavelength-multiplexing
independently from the signal transmission rate and the
transmission signal format, for which reason, the above-
described conventional method of using the overhead
applied to the synchronous digital hierarchy network 1s not
applicable in order to monitor any undesired or unintended
connection or route established 1n the optical switch SW.

In accordance with this embodiment, the transmaitter per-
forms the following operations. The first main optical signal
1s wavelength-multiplexed with the first optical identifier to
generate the first wavelength-multiplexed optical signal
which 1s then transited through the optical switch SW
without any frequency modulation to the main optical sig-
nal. The second main optical signal 1s wavelength-multi-
plexed with the second optical identifier to generate the
second wavelength-multiplexed optical signal which 1s then
transited through the optical switch SW without any 1fre-
quency modulation to the main optical signal. In parallel to
this wavelength-multiplexed optical signal transmission
without any frequency modulation to the main optical sig-
nal, the first corresponding data are generated, which show
a lirst relationship in correspondence between the {irst
wavelength “A1” of the first main optical signal, and the first
clectric frequency component of the first frequency “11”
corresponding to the first main optical signal with the first
wavelength “A1”. The second corresponding data are also
generated, which show a second relationship 1n correspon-
dence between the second wavelength “A2” of the second
main optical signal, and the second electric frequency com-
ponent of the second frequency “12” corresponding to the
second main optical signal with the second wavelength
“N27.

The first and second wavelength-multiplexed optical sig-
nals are transmitted through the optical switch SW from the
optical signal transmitter to the optical signal recerver.

The receiver performs the following operations. The first
and second wavelength-multiplexed optical signals are
wavelength-demultiplexed into the first and second main
optical signals and the first and second optical i1dentifiers.
The first and second electric frequency components are
detected from the first and second optical identifiers. In
parallel, the first and second reference frequency informa-
tions including the first and second electric frequency com-
ponents of the first and second main optical signals are
received from the first and second transmitters, so that the
first and second electric frequency components derived from
the first and second optical identifiers are compared to the
first and second electric frequency components derived from
the first and second reference frequency informations. The
identity between the electric frequency component derived
from the optical 1dentifier and the electric frequency com-
ponent derived from the reference frequency information
means that the intended or desired correct connection or
route 1s established in the optical switch SW. The difference
between the electric frequency component derived from the
optical i1dentifier and the electric frequency component
derived from the reference frequency information means
that the unintended or undesired incorrect connection or
route 1s established 1n the optical switch SW. The monitoring
to the correspondence between the optical signal transmaitter
and the optical signal receiver through the optical switch SW
1s accomplished with no frequency modulation to the main
optical signal. No frequency modulation to the main optical
signal causes no deterioration 1n quality of the main optical
signal. Further, only the optical identifier wavelength-de-
multiplexed from the main optical signal 1s subjected to the
photo-electric conversion to detect the electric frequency
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component from the optical identifier, while the wavelength-
demultiplexed main optical signal 1s not subjected to any
photo-electric conversion.

The first and second optical identifier transmitters 12a and
126 may be coupled to the memory 30 through any available
connection interface. The first and second optical 1dentifier
receivers 23a and 235 may also be coupled to the memory
30 through any available connection interface. Typical
examples of the available connection interface may include,
but not lmmited to, any dedicated optical lines, and any
dedicated electrical lines such as Ethernet (registered trade-
mark).

As described above, the first and second optical identifier
transmitters 12a and 126 generate the first and second
corresponding data which show first and second relation-
ships 1n correspondence between the first and second wave-
length “A1” and “A2” of the first and second main optical
signals outputted from the first and second main optical
signal transmitters, and the first and second electric fre-
quency components of the first and second frequencies “f1”
and “12” corresponding to the first and second main optical
signals. The corresponding data are sent to the memory 30
and then stored 1n the memory 30, so that the first and second
optical identifier receivers 23a and 235 read the correspond-
ing data out of the memory 30.

As a modification to this embodiment, 1t 1s possible that
the fixed corresponding data are previously stored 1n each of
the first and second optical identifier transmitters 12a and
1256 and the first and second optical identifier receivers 23a
and 235 without using the memory 30.

As described above, the memory 30 may be realized by
any available storing means, typical examples of which may
include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
various recording mediums, and any available data manage-
ment stations or centers. The memory 30 may be placed at
a single location or distributed.

Sixth Embodiment

A sixth embodiment according to the present immvention
will be described in detail with reference to the drawings.
FIG. 6 1s a block diagram 1illustrative of an optical signal
transmission system including an optical signal transmitter
and an optical signal receiver which are optically coupled to
cach other through an optical switch.

An optical signal transmission system includes an optical
signal transmitter and an optical signal receiver which are
optically coupled to each other through an optical switch
SW. The optical signal transmission system further includes
a memory 30 which 1s coupled to both the optical signal
transmitter and the optical signal receiver. This optical signal
transmission system 1s configured to transmit first and
second main optical signals with fixed first and second
wavelengths from the optical signal transmitter-through the
optical switch SW to the optical signal recerver.

The optical switch SW has first and second inputs and first
and second outputs. The optical switch SW switches routes
among the first and second inputs and the first and second
outputs.

A first main optical signal with a first wavelength “Ab 17
1s transmitted from a first main optical signal transmitter to
a first wavelength-multiplexer 15a. A first optical identifier
with a first wavelength “Alsv” uniquely corresponding to
the first wavelength “A1” of the first main optical signal 1s
also transmitted from a first optical 1dentifier transmitter 41a
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to the first wavelength-multiplexer 15a4. The {first main
optical signal transmitter has the same configuration as the
main optical signal transmitter 40 shown 1n FIG. 3, except
that the first main optical signal transmitter transmits the first
main optical signal with the first wavelength “A1”. The first
optical 1dentifier transmitter 41a also has the same configu-
ration as the optical identifier transmitter 41 shown in FIG.
3, except that the first optical identifier transmitter 41a
transmits the first optical identifier with the wavelength
“Alsv” which uniquely corresponds to the first wavelength
“A1” of the first main optical signal.

The first wavelength-multiplexer 15a performs wave-
length-multiplexing of the first main optical signal and the
first optical identifier to generate a first wavelength-multi-
plexed optical signal. The first wavelength-multiplexer 154
1s optically connected through a first optical fiber 60a to the
first mput of the optical switch SW. The first wavelength-
multiplexed optical signal 1s then transmitted through the
first optical fiber 60a to the first mput of the optical switch
SW.

The first optical identifier transmitter 41a also supplies the
memory 30 with first corresponding data which show a first
relationship 1n correspondence between the first main optical
signal with the first wavelength “A1”, and the first optical
identifier with the wavelength “Alsv” which uniquely cor-
responds to the first wavelength “A1” of the first main optical
signal.

A second main optical signal with a second wavelength
“A2” 1s transmitted from a second main optical signal
transmitter to a second wavelength-multiplexer 155. A sec-
ond optical identifier with a second wavelength “A2sv”
which 1s uniquely corresponds to the second wavelength
“A2” of the second main optical signal 1s also transmitted
from a second optical identifier transmitter 415 to the second
wavelength-multiplexer 155. The second main optical signal
transmitter has the same configuration as the main optical
signal transmitter 40 shown 1n FIG. 3, except that the second
main optical signal transmitter transmits the second main
optical signal with the second wavelength “A2”. The second
optical identifier transmitter 415 also has the same configu-
ration as the optical identifier transmitter 41 shown 1n FIG.
3, except that the second optical identifier transmitter 415
transmits the second optical identifier with the wavelength
“A2sv” which uniquely corresponds to the second wave-
length “A2” of the second main optical signal.

The second wavelength-multiplexer 156 performs wave-
length-multiplexing of the second main optical signal and
the second optical identifier to generate a second wave-
length-multiplexed optical signal. The second wavelength-
multiplexer 156 1s optically connected through a second
optical fiber 605 to the second input of the optical switch
SW. The second wavelength-multiplexed optical signal 1s
then transmitted through the second optical fiber 6056 to the
second 1nput of the optical switch SW.

The second optical identifier transmitter 415 also supplies
the memory 30 with second corresponding data which show
a second relationship 1n correspondence between the second
main optical signal with the second wavelength “A2” and the
second optical identifier with the with the wavelength
“A2sv” which uniquely corresponds to the second wave-
length “A2” of the second main optical signal.

The optical switch SW allows transmissions of the first
and second wavelength-multiplexed optical signals.

The memory 30 stores the above first and second corre-
sponding data from the first and second optical identifier
transmitter 41a and 415. The memory 30 may be realized by
any available devices, typical examples of which may
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include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
and various recording mediums.

A first wavelength-demultiplexer 21a 1s connected
through a third optical fiber 61a to the first output of the
optical switch SW for receiving the first wavelength-demul-
tiplexed optical signal. A second wavelength-demultiplexer
215 1s connected through a fourth optical fiber 615 to the
second output of the optical switch SW for receiving the
second wavelength-demultiplexed optical signal.

The first wavelength-demultiplexer 21a performs a wave-
length-demultiplexing of the first wavelength-multiplexed
signal 1nto the first main optical signal and the first optical
identifier, so that the first wavelength-demultiplexer 21a
transmits the first main optical signal to the first main optical
signal recerver and also transmits the first optical identifier
to the first optical identifier recerver 52a.

The second wavelength-demultiplexer 215 performs a
wavelength-demultiplexing of the second wavelength-mul-
tiplexed signal 1into the second main optical signal and the
second optical identifier, so that the second wavelength-
demultiplexer 215 transmits the second main optical signal
to the second main optical signal recerver and also transmits
the second optical identifier to the second optical 1dentifier
receiver 52b.

The first optical 1dentifier receiver 52a recerves the first
optical identifier from the first wavelength-demultiplexer
21a, so that the first optical 1dentifier receiver 52a performs
a wavelength-filtering which allows a selective transmission
of the first optical identifier with the wavelength “Alsv’” only
but cuts off any other optical identifiers with the other
wavelengths, and detects the first optical 1dentifier with the
wavelength “Alsv” corresponding to the main optical signal
with the wavelength “A1” for comparing the detected first
relationship between the wavelength “Alsv” of the first
optical i1dentifier and the first wavelength “A1” of the first
main optical signal to the first relationship included 1n the
first corresponding data. The first optical 1dentifier receiver
52a may further include a first optical filter 53a and a first
optical 1dentifier detector 54a. The first optical filter 53a
performs a wavelength-filtering which allows a selective
transmission of the first optical identifier with the wave-
length “Alsv”” only but cuts off any other optical identifiers
with the other wavelengths. The first optical identifier detec-
tor 54a receives the first optical identifier with the wave-
length “Al1sv” transmitted through the first optical filter 53a
and detects the first optical identifier with the wavelength
“Alsv” corresponding to the first main optical signal with
the first wavelength “A1” for comparing the detected rela-
tionship between the wavelength “Alsv™ of the first optical
identifier and the first wavelength “Al1” of the first main
optical signal to the first relationship included in the first
corresponding data. The first optical identifier detector 54a
may be realized by a photo-detector PD which receives and
detects the optical identifier. The {first optical identifier
detector 54a sends the first wavelength-comparison result to
the alarm generator 27.

The second optical i1dentifier receiver 526 receives the
second optical i1dentifier from the second wavelength-de-
multiplexer 215, so that the second optical identifier recerver
52b performs a wavelength-filtering which allows a selec-
tive transmission ol the second optical identifier with the
wavelength “A2sv” only but cuts ofl any other optical
identifiers with the other wavelengths, and detects the sec-
ond optical i1dentifier with the wavelength “A2sv” corre-
sponding to the main optical signal with the wavelength
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“A2” tfor comparing the detected second relationship
between the wavelength “A2sv” of the second optical 1den-
tifier and the second wavelength “A2” of the second main
optical signal to the second relationship included i the
second corresponding data. The second optical identifier
receiver 52b may further include a second optical filter 535
and a second optical identifier detector 34b. The second
optical filter 5335 performs a wavelength-filtering which
allows a selective transmission of the second optical 1den-
tifier with the wavelength “A2sv” only but cuts off any other
optical 1dentifiers with the other wavelengths. The second
optical identifier detector 54b receives the second optical
identifier with the wavelength “A2sv” transmitted through
the second optical filter 535 and detects the second optical
identifier with the wavelength “A2sv” corresponding to the
second main optical signal with the second wavelength “A2”
for comparing the detected relationship between the wave-
length “A2sv” of the second optical identifier and the second
wavelength “A2” of the second main optical signal to the
second relationship included in the second corresponding
data. The second optical identifier detector 546 may be
realized by a photo-detector PD which receives and detects
the optical identifier. The second optical 1dentifier detector
54b sends the second wavelength-comparison result to the
alarm generator 27.

The alarm generator 27 generates an alarm based on the
first and second wavelength-comparison results, 11 the first
and second wavelength-comparison results are that the
detected relationship between the wavelengths “Alsv” and
“A2sv”’01 the first and second optical identifiers and the first
and second wavelengths “A1” and “A2” of the first and
second main optical signals are diflerent from the stored first
and second relationships included in the first and second
corresponding data supplied from the memory 30. The
difference of the relationships represents that the undesired
or unintended incorrect connection or route 1s established 1n
the optical switch SW. Namely, the generated alarm alerts
that the undesired or unmintended incorrect connection or
route 1s established 1n the optical switch SW.

The alarm generator 27 generates no alarm based on the
first and second wavelength-comparison results, 11 the first
and second wavelength-comparison results are that the
detected relationship between the wavelengths “Alsv” and
“A2sv” of the first and second optical 1dentifiers and the first
and second wavelengths “A1” and “A2” of the first and
second main optical signals are 1dentical with the stored first
and second relationships included in the first and second
corresponding data supplied from the memory 30. The
identity of the relationships represents that the undesired or
unintended mcorrect connection or route 1s established 1n the
optical switch SW. Namely, no generation of alarm notifies
that the desired or intended correct connection or route 1s
established 1n the optical switch SW.

If the correct connection or route 1s established in the
optical switch SW, then the first optical identifier 52a detects
only the first wavelength component of “Alsv”, while the
second optical identifier 525 detects only the second wave-
length component of “A2sv”.

It the incorrect connection or route 1s established 1n the
optical switch SW, then the first optical 1dentifier 52q detects
only the second wavelength component of “A2sv”, while the
second optical i1dentifier 525 detects only the first wave-
length component of “Alsv”.

If any undesired cross-talk appears 1n the optical switch
SW, then each of the first and second optical identifiers 52a
and 526 detects both the first wavelength component of

“Alsv” and “A2sv”.
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The optical switch SW has a plurality of routes for
transmissions of the wavelength-multiplexed optical signals
including the main optical signal and the optical identifier.
This optical switch SW allows wavelength-multiplexing
independently from the signal transmission rate and the
transmission signal format, for which reason, the above-
described conventional method of using the overhead
applied to the synchronous digital hierarchy network 1s not
applicable in order to monitor any undesired or unintended
connection or route established 1n the optical switch SW.

In accordance with this embodiment, the transmitter per-
forms the following operations. The first main optical signal
1s wavelength-multiplexed with the first optical identifier to
generate the first wavelength-multiplexed optical signal
which 1s then transited through the optical switch SW
without any frequency modulation to the main optical sig-
nal. The second main optical signal 1s wavelength-multi-
plexed with the second optical identifier to generate the
second wavelength-multiplexed optical signal which is then
transited through the optical switch SW without any 1re-
quency modulation to the main optical signal. In parallel to
this wavelength-multiplexed optical signal transmission
without any frequency modulation to the main optical sig-
nal, the first corresponding data are generated, which show
a first relationship 1n correspondence between the first main
optical signal with the first wavelength “Al1”, and the first
optical 1dentifier with the wavelength “Alsv” which
umquely corresponds to the first wavelength “A1” of the first
main optical signal. The second corresponding data are also
generated, which show a second relationship 1n correspon-
dence between the second main optical signal with the
second wavelength “A2”, and the second optical identifier
with the wavelength “A2sv” which uniquely corresponds to
the second wavelength “A2” of the second main optical
signal.

The first and second wavelength-multiplexed optical sig-
nals are transmitted through the optical switch SW from the
optical signal transmitter to the optical signal recerver.

The receiver performs the following operations. The
wavelength-multiplexed optical signal 1s wavelength-de-
multiplexed into the main optical signal and the optical
identifier. In parallel, the corresponding data are received
from the transmitter, so that the detected relationships
between the detected main optical signal and the detected
optical i1dentifier 1s compared to the reference relationship
included i1n the corresponding data. The identity of the
relationships means that the intended or desired correct
connection or route 1s established 1n the optical switch SW.
The difference of the relationships means that the unin-
tended or undesired incorrect connection or route 1s estab-
lished 1 the optical switch SW. The monitoring to the
correspondence between the optical signal transmitter and
the optical signal receiver through the optical switch SW 1s
accomplished with no frequency modulation to the main
optical signal. No frequency modulation to the main optical
signal causes no deterioration 1n quality of the main optical
signal. Further, the wavelength-demultiplexed main optical
signal 1s not subjected to any photo-electric conversion.

The first and second optical identifier transmaitters 41a and
416 may be coupled to the memory 30 through any available
connection interface. The first and second optical 1dentifier
receivers 32a and 526 may also be coupled to the memory
30 through any available connection interface. Typical
examples of the available connection interface may include,
but not lmmited to, any dedicated optical lines, and any
dedicated electrical lines such as Ethernet (registered trade-
mark).
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As described above, the first and second optical 1dentifier
transmitters 41a and 415 generate the corresponding data
which show a relationship 1n correspondence between the
first and second wavelengths “A1” and “A2” of the first and
second main optical signals outputted from the first and
second main optical signal transmuitters, and the wavelengths
“Alsv” and “A2sv” of the first and second optical 1dentifiers
outputted from the first and second optical 1dentifier trans-
mitters 41a and 41b. The first and second corresponding data
are sent to the memory 30 and then stored in the memory 30,
so that the first and second optical i1dentifier receivers 32a
and 525 read the first and second corresponding data out of
the memory 30.

As a modification to this embodiment, 1t 1s possible that
the fixed corresponding data are previously stored 1n each of
the first and second optical identifier transmitters 41a and
415 and the first and second optical 1dentifier receivers 52a
and 526 without using the memory 30.

As described above, the memory 30 may be realized by
any available storing means, typical examples of which may
include, but not limited to, various semiconductor memory
devices, various magnetic recording devices such as hard-
disk devices, various optical magnetic recording devices,
various recording mediums, and any available data manage-
ment stations or centers. The memory 30 may be placed at
a single location or distributed.

As a modification to this embodiment, it 1s possible to use
an arrayed waveguide grating instead of a set of the wave-
length-demultiplexer 21, and the optical filters 51a, 515, 53a
and 335 because the arrayed waveguide grating performs
substantially the same function as the function of the set of
the wavelength-demultiplexer 21, and the optical filters 51a,
51b, 53a and 53b.

Although the mnvention has been described above 1n
connection with several preferred embodiments therefor, 1t
will be appreciated that those embodiments have been
provided solely for illustrating the invention, and not in a
limiting sense. Numerous modifications and substitutions of
equivalent materials and techniques will be readily apparent
to those skilled 1n the art after reading the present applica-
tion, and all such modifications and substitutions are
expressly understood to fall within the true scope and spirit
of the appended claims.

What 1s claimed 1s:

1. An optical signal transmission system including at least
one optical signal transmitter and at least one optical signal
recelvet,

wherein said at least one optical signal transmitter gen-

crates at least one optical identifier belonging to and
being different 1n wavelength from at least one main
optical signal;
wherein said at least one optical signal transmitter per-
forms a wavelength-multiplexing of said at least one
main optical signal and said at least one optical i1den-
tifier to transmit at least one wavelength-multiplexed
optical signal to said at least one optical signal receiver;

wherein said at least one optical signal recerver performs
a wavelength-demultiplexing of said at least one wave-
length-multiplexed optical signal to generate said at
least one main optical signal and said at least one
optical identifier; and

wherein said at least one optical signal receiver further

verifies whether a correct transmission route 1s estab-
lished, based on said at least one optical identifier with
reference to at least one set of corresponding data,
which include a first relationship in correspondence
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between said at least one main optical signal and said
at least one optical identifier.

2. The optical signal transmission system as claimed 1n
claam 1, wheremn said at least one optical signal receiver
performs said verification by comparing said first relation-
ship included 1n said at least one set of corresponding data
to a second relationship between said at least one main
optical signal received by said at least one optical signal
receiver and said at least one optical identifier detected by
said at least one optical signal receiver.

3. The optical signal transmission system as claimed 1n
claam 1, wheremn said at least one optical signal receiver
performs said verification without subjecting said at least
one main optical signal to any photoelectric conversion, and
independently from any transmission rate and any format of
said at least one main optical signal.

4. The optical signal transmission system as claimed 1n
claim 1, wherein said at least one optical signal transmitter
further generates said at least one set of corresponding data,
and supplies said at least one optical signal receiver with
said at least one set of corresponding data.

5. The optical signal transmission system as claimed 1n
claim 4, further including a memory being coupled to said
optical signal transmitter and said optical signal receiver,
and said memory storing said at least one set of correspond-
ing data.

6. The optical signal transmission system as claimed in
claam 4, further including a data storing station being
coupled to said optical signal transmitter and said optical
signal recerver, and said data storing station storing said at
least one set of corresponding data.

7. The optical signal transmission system as claimed 1n
claam 1, wherein each of said at least one optical signal
transmitter and said at least one optical signal receiver
previously stores said at least one set of corresponding data.

8. The optical signal transmission system as claimed 1n
claam 1, wheremn said at least one optical signal receiver
further includes:

a notifying unit that receives a result of said verification
from said at least one optical signal receiver, and
whether said correct transmission route i1s verified
between said main optical signal transmitted by said at
least one optical signal transmitter and said main opti-
cal signal recerved by said at least one optical signal
receiver.

9. The optical signal transmission system as claimed 1n
claim 1, further including a wavelength-multiplexed optical
network including a plurality of wavelength-multiplexed
optical signal transmission routes, through which said at
least one wavelength-multiplexed optical signal 1s transmiut-
ted from said at least one optical signal transmitter to said at
least one optical signal receiver.

10. The optical signal transmission system as claimed in
claam 1, further including an optical switch including a
plurality of selectable wavelength-multiplexed optical signal
transmission routes, through which said at least one wave-
length-multiplexed optical signal 1s transmitted from said at
least one optical signal transmitter to said at least one optical
signal receiver.

11. The optical signal transmission system as claimed in
claim 1, wherein said at least one set of corresponding data
includes a relationship 1n correspondence between at least
one wavelength of said at least one main optical signal and
at least one reference electric frequency component of at
least one frequency corresponding to said at least one main
optical signal;
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wherein said at least one optical signal receiver detects at
least one electric frequency component from said at
least one optical 1dentifier wavelength-demultiplexed;
and

wherein said at least one optical signal receiver verifies
whether said correct transmission route 1s established
based on said at least one electric frequency component
with reference to said at least one reference electric
frequency component included 1n said at least one set
of corresponding data.

12. The optical signal transmission system as claimed 1n
claiam 11, wherein each of said at least one optical signal
transmitter further includes:

at least one set ol a main optical signal generator that
generates said at least one main optical signal, and an
optical 1dentifier generator that generates said at least
one optical identifier and said at least one set of
corresponding data; and

a multiplexer that wavelength-multiplexes said at least
one main optical signal and said at least one optical
identifier to generate said wavelength-multiplexed opti-
cal signal, and

wherein each of said at least one optical signal receiver
further includes:

a demultiplexer that wavelength-multiplexes said wave-
length-multiplexed optical signal to generate said at
least one main optical signal and said at least one
optical i1dentifier;

at least one set of a main optical signal receiver that
receives said at least one main optical signal wave-
length-demultiplexed; and

an optical identifier recerver that receives said at least one
optical identifier and said at least one set of correspond-
ing data, and said optical identifier receiver further
verifies whether said correct transmission route 1s
established based on said at least optical identifier with
reference to said at least one set of corresponding data.

13. The optical signal transmission system as claimed 1n
claim 12, wherein each of said at least one optical 1dentifier
generator further includes:

a frequency modulator that generates a frequency-modu-
lated signal at a frequency corresponding to each of
said at least one main optical signal; and

an optical 1dentifier generator that generates said at least
one optical identifier frequency-modulated by said fre-
quency-modulated signal, and

wherein each of said at least one optical identifier recerver
further 1includes:

a photoelectric converter that performs a photoelectric
conversion of each of said at least one optical 1dentifier
into an detected electrical signal;

a frequency detector that detects an electric frequency
component from said detected electrical signal; and

a frequency comparator that compares said electric ire-
quency component detected to said at least one refer-
ence electric frequency component included 1n said at
least one set of corresponding data.

14. The optical signal transmission system as claimed 1n

claiam 12, wherein each of said at least one optical signal
transmitter further includes:

plural sets of said main optical signal generators and said
optical identifier generators, and

wherein each of said at least one optical signal receiver
further 1includes:

plural sets of said main optical signal receivers and said
optical identifier receivers,
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wherein said main optical signal generators respectively
generate said main optical signals with wavelengths
different from each other:

wherein said optical i1dentifier generators respectively
generate said optical 1dentifiers which belong to said
main optical signals generated from said main optical
signal generators, respectively, and said optical 1denti-
fier generators further respectively generate plural sets
of said corresponding data which respectively belong to
said main optical signals generated from said main
optical signal generators and said optical i1dentifiers
generated from said optical identifier generators;

wherein said main optical signal receivers receive said
main optical signals from respectively corresponding
ones ol said main optical signal generators;

wherein said optical 1dentifier receivers respectively
receive said optical 1dentifiers from respectively corre-
sponding ones of said optical identifier generators, and
said optical identifier receivers respectively receive
said plural sets of said corresponding data from respec-
tively corresponding ones of said optical identifier
generators; and

wherein each of said optical identifier receivers verifies
whether said correct transmission route 1s established
based on each corresponding one of said optical i1den-
tifiers with reference to each corresponding set of said
corresponding data.

15. The optical signal transmission system as claimed in
claim 1, wherein each of said at least one set of correspond-
ing data includes a relationship in correspondence between
a first wavelength of said main optical signal and a second
wavelength of said optical identifier uniquely belonging to
said main optical signal, so that said second wavelength
unmiquely corresponds to said first wavelength;

wherein said at least one optical signal receiver selec-
tively detects said at least one optical identifier with
said second wavelength; and

wherein said at least one optical signal receiver verifies
whether said correct transmission route 1s established
based on said detected at least one optical identifier
with reference to said at least one set of corresponding
data.

16. The optical signal transmission system as claimed in
claim 15, wherein each of said at least one optical signal
transmitter further includes:

at least one set of a main optical signal generator that
generates said main optical signal with said first wave-
length, and an optical identifier generator that generates
said optical 1dentifier with said second wavelength and
that generates said at least one set of corresponding
data; and

a multiplexer that wavelength-multiplexes said at least
one main optical signal and said at least one optical
identifier to generate said wavelength-multiplexed opti-
cal signal, and

wherein each of said at least one optical signal receiver
further includes:

a demultiplexer that wavelength-multiplexes said wave-
length-multiplexed optical signal to generate said at
least one main optical signal and said at least one
optical identifier;

at least one set of a main optical signal receiver that
selectively recerves said at least one main optical signal
with said first wavelength, and an optical i1dentifier
receiver that selectively receirves said at least one
optical 1dentifier with said second wavelength, and
wherein said optical 1dentifier receiver further verifies
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whether said correct transmission route 1s established
based on said at least optical identifier with reference to
said at least one set of corresponding data.

17. The optical signal transmission system as claimed 1n
claim 16, wherein each of said at least one optical 1dentifier
generator further includes:

an optical identifier generator that generates said optical

identifier including said second wavelength, and
wherein each of said at least one main optical signal
receiver further includes:

a first optical filter that selectively transmits said main

optical signal with said first wavelength; and

a main optical signal receiver that receives said main

optical signal with said first wavelength transmitted
through said first optical filter;

wherein each of said at least one optical identifier receiver

further includes:

a second optical filter that selectively transmits said
optical identifier with said second wavelength; and
an optical identifier detector that detects said optical
identifier with said second wavelength transmitted
through said second optical filter; and that compares
said optical identifier including said second wavelength

to said at least one set of corresponding data.

18. The optical signal transmission system as claimed 1n
claiam 16, wherein each of said at least one optical signal
transmitter further includes:

plural sets of said main optical signal generators and said

optical i1dentifier generators,

wherein each of said at least one optical signal receiver

further 1includes:

said main optical signal receivers and said optical 1den-

tifier receivers,

wherein said main optical signal generators respectively

generate said main optical signals with wavelengths
different from each other:

wherein said optical identifier generators respectively

generate said optical 1dentifiers including wavelengths
respectively correspond to said wavelengths of said
main optical signals generated from said main optical
signal generators, and said optical identifier generators
further respectively generate plural sets of said corre-
sponding data which respectively belong to said main
optical signals generated from said main optical signal
generators and said optical i1dentifiers generated from
said optical identifier generators;

wherein said main optical signal receivers receive said

main optical signals from respectively corresponding
ones of said main optical signal generators;

wherein said optical identifier receivers respectively

receive said optical 1dentifiers from respectively corre-
sponding ones of said optical identifier generators, and
said optical identifier receivers respectively receive
said plural sets of said corresponding data from respec-
tively corresponding ones of said optical identifier
generators; and

wherein each of said optical identifier receivers verifies

whether said correct transmission route 1s established
based on each corresponding one of said optical iden-
tifiers with reference to each corresponding set of said
corresponding data.

19. The optical signal transmission system as claimed 1n
claim 15, wherein each of said at least one optical signal
transmitter further includes:

at least one set of a main optical signal generator that

generates said main optical signal with said first wave-
length, and an optical identifier generator that generates
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said optical identifier with said second wavelength and
that generates said at least one set of corresponding

data; and

a multiplexer that wavelength-multiplexes said at least
one main optical signal and said at least one optical
identifier to generate said wavelength-multiplexed opti-
cal signal, and

wherein each of said at least one optical signal receiver
further includes:

an arrayed waveguide grating that wavelength-demulti-
plexes said wavelength-multiplexed optical signal to
generate said at least one main optical signal with said
first wavelength and said at least one optical 1dentifier
with said second wavelength;

at least one set of a main optical signal receiver that
selectively recerves said at least one main optical signal
with said first wavelength, and an optical identifier
receiver that selectively receirves said at least one
optical identifier with said second wavelength, and
wherein said optical identifier receiver further verifies
whether said correct transmission route 1s established
based on said at least optical identifier with reference to
said at least one set of corresponding data.

20. The optical signal transmission system as claimed 1n
claim 19, wherein each of said at least one optical identifier
generator further includes:

an optical 1dentifier generator that generates said optical
identifier including said second wavelength, and

wherein each of said at least one main optical signal
receiver further includes:

a main optical signal receiver that receives said main
optical signal with said first wavelength transmaitted
through said arrayed waveguide grating;

wherein each of said at least one optical identifier receiver
further includes:

an optical idenfifier detector that detects said optical
identifier with said second wavelength transmitted
through said arrayed waveguide grating; and that com-
pares said optical identifier including said second
wavelength to said at least one set of corresponding
data.

21. An optical signal transmitter including:

a first transmitter function block that generates at least one
optical i1dentifier belonging to and being different 1n
wavelength from at least one main optical signal; and

a second transmitter function block that performs a wave-
length-multiplexing of said at least one main optical
signal and said at least one optical identifier to transmait
at least one wavelength-multiplexed optical signal,

wherein said at least optical identifier references at least
one set of corresponding data, which include a first
relationship 1n correspondence between said at least
one main optical signal and said at least one optical
identifier.

22. The optical signal transmitter as claimed in claim 21,
wherein said first transmaitter function block further gener-
ates at least one set of corresponding data, which include a
first relationship in correspondence between said at least one
main optical signal and said at least one optical identifier.

23. The optical signal transmitter as claimed in claim 22,

wherein said second transmitter function block sends said
at least one set of corresponding data to a memory, so
that said memory stores said at least one set of corre-
sponding data.

24. The optical signal transmitter as claimed in claim 22,
wherein said second transmitter function block sends said at
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least one set of corresponding data to a data storing station,
so that said data storing station stores said at least one set of
corresponding data.

25. The optical signal transmitter as claimed 1n claim 21,
wherein said first transmitter function block previously
stores said at least one set of corresponding data.

26. The optical signal transmitter as claimed 1n claim 21,
wherein said second transmitter function block transmits
said at least one wavelength-multiplexed optical signal
through a wavelength-multiplexed optical network includ-
ing a plurality of wavelength-multiplexed optical signal
transmission routes.

277. The optical signal transmitter as claimed 1n claim 21,

wherein said second transmitter function block transmits
said at least one wavelength-multiplexed optical signal
through an optical switch including a plurality of
selectable wavelength-multiplexed optical signal trans-
mission routes.

28. The optical signal transmitter as claimed 1n claim 21,

wherein said at least one set ol corresponding data
includes a relationship in correspondence between at
least one wavelength of said at least one main optical
signal and at least one reference electric frequency
component of at least one frequency corresponding to
said at least one main optical signal.

29. The optical signal transmitter as claimed 1n claim 28,

wherein said first transmitter function block further includes:

at least one set ol a main optical signal generator that

generates said at least one main optical signal, and an

optical i1dentifier generator that generates said at least

one optical identifier and said at least one set of
corresponding data; and

wherein said second transmitter function block further
includes:

a multiplexer that wavelength-multiplexes said at least
one main optical signal and said at least one optical
identifier to generate said wavelength-multiplexed opti-
cal signal.

30. The optical signal transmitter as claimed 1n claim 29,
wherein said at least one optical 1dentifier generator further
includes:

a frequency modulator that generates a frequency-modu-
lated signal at a frequency corresponding to each of
said at least one main optical signal; and

an optical 1dentifier generator that generates said at least
one optical identifier frequency-modulated by said fre-
quency-modulated signal.

31. The optical signal transmitter as claimed 1n claim 29,

wherein said first transmitter function block further includes:
plural sets of said main optical signal generators and said
optical identifier generators,

wherein said main optical signal generators respectively
generate said main optical signals with wavelengths
different from each other; and

wherein said optical identifier generators respectively
generate said optical 1dentifiers which belong to said
main optical signals generated from said main optical
signal generators, respectively, and said optical 1denti-
fier generators further respectively generate plural sets
of said corresponding data which respectively belong to
saild main optical signals generated from said main
optical signal generators and said optical i1dentifiers
generated from said optical 1dentifier generators.

32. The optical signal transmitter as claimed 1n claim 21,
wherein each of said at least one set of corresponding data
includes a relationship 1n correspondence between a first
wavelength of said main optical signal and a second wave-
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length of said optical identifier uniquely belonging to said
main optical signal, so that said second wavelength uniquely
corresponds to said first wavelength.

33. The optical signal transmitter as claimed 1n claim 32,

wherein said first transmitter function block further
includes:

at least one set of a main optical signal generator that
generates said main optical signal with said first wave-
length, and an optical identifier generator that generates
said optical 1dentifier with said second wavelength and
that generates said at least one set of corresponding
data; and

wherein said second transmitter function block further
includes:

a multiplexer that wavelength-multiplexes said at least
one main optical signal and said at least one optical
identifier to generate said wavelength-multiplexed opti-
cal signal.

34. The optical signal transmitter as claimed in claim 33,
wherein each of said at least one optical 1dentifier generator
further includes:

an optical identifier generator that generates said optical
identifier including said second wavelength.

35. The optical signal transmitter as claimed in claim 33,

wherein said first transmitter function block further includes:
plural sets of said main optical signal generators and said
optical identifier generators,

wherein said main optical signal generators respectively
generate said main optical signals with wavelengths
different from each other; and

wherein said optical identifier generators respectively
generate said optical 1dentifiers including wavelengths
respectively correspond to said wavelengths of said
main optical signals generated from said main optical
signal generators, and said optical identifier generators
further respectively generate plural sets of said corre-
sponding data which respectively belong to said main
optical signals generated from said main optical signal
generators and said optical i1dentifiers generated from
said optical identifier generators.

36. The optical signal transmitter as claimed 1n claim 32,

wherein said first transmitter function block further includes:
at least one set of a main optical signal generator that
generates said main optical signal with said first wave-
length, and an optical identifier generator that generates

said optical 1dentifier with said second wavelength and

that generates said at least one set of corresponding

data; and

wherein said second transmitter function block further
includes:

a multiplexer that wavelength-multiplexes said at least
one main optical signal and said at least one optical
identifier to generate said wavelength-multiplexed opti-
cal signal.

377. The optical signal transmitter as claimed 1n claim 36,
wherein each of said at least one optical 1dentifier generator
further includes:

an optical 1dentifier generator that generates said optical
identifier including said second wavelength.

38. An optical signal receiver including:

a first recerver function block that performs a wavelength-
demultiplexing of at least one wavelength-multiplexed
optical signal to generate at least one main optical
signal and at least one optical identifier; and

a second receiver function block that verifies whether a
correct transmission route 1s established, based on said
at least optical 1dentifier with reference to at least one
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set of corresponding data, which include a first rela-
tionship 1n correspondence between said at least one
main optical signal and said at least one optical i1den-
tifier.

39. The optical signal recerver as claimed 1n claim 38,
wherein said second receiver function performs said verifi-
cation by comparing said first relationship included 1n said
at least one set of corresponding data to a second relation-
ship between said at least one main optical signal received
by said at least one optical signal receiver and said at least
one optical identifier detected by said at least one optical
signal receiver.

40. The optical signal recerver as claimed i claim 38,
wherein said second receiver function block performs said
verification without subjecting said at least one main optical
signal to any photoelectric conversion, and independently
from any transmission rate and any format of said at least
one main optical signal.

41. The optical signal recerver as claimed 1n claim 38,
wherein said second recetver function block receives said at
least one set of corresponding data stored 1n a memory.

42. The optical signal receiver as claimed 1n claim 38,

wherein said second receiver function block receives said
at least one set of corresponding data stored in a data
storing station.

43. The optical signal recerver as claimed i claim 38,
wherein said second receiver function block previously
stores said at least one set of corresponding data.

44. The optical signal recerver as claimed i claim 38,
turther including:

a notifying unit that receives a result of said verification
from said at least one optical signal receiver, and that
notifies whether said correct transmission route 1s veri-
fied between said main optical signal transmitted and
said main optical signal received by said at least one
optical signal receiver.

45. The optical signal receiver as claimed 1n claim 38,

wherein said first receiver function block receives said at
least one wavelength-multiplexed optical signal trans-
mitted from a wavelength-multiplexed optical network
including a plurality of wavelength-multiplexed optical
signal transmission routes.

46. The optical signal recerver as claimed 1n claim 38,

wherein said first receiver function block receives said at
least one wavelength-multiplexed optical signal trans-
mitted from an optical switch including a plurality of
selectable wavelength-multiplexed optical signal trans-
mission routes.

47. The optical signal receiver as claimed 1n claim 38,

wherein said at least one set ol corresponding data
includes a relationship in correspondence between at
least one wavelength of said at least one main optical
signal and at least one reference electric frequency
component of at least one frequency corresponding to
said at least one main optical signal;

wherein said second receiver function block detects at
least one electric frequency component from said at
least one optical identifier wavelength-demultiplexed;
and

wherein said second receiver function block verifies
whether said correct transmission route 1s established
based on said at least one electric frequency component
with reference to said at least one reference electric
frequency component included 1n said at least one set
ol corresponding data.

48. The optical signal recerver as claimed 1n claim 47,

wherein said first recerver function block further includes:
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a demultiplexer that wavelength-multiplexes said wave-
length-multiplexed optical signal to generate said at
least one main optical signal and said at least one
optical identifier; and

at least one set of a main optical signal receiver that
receives said at least one main optical signal wave-
length-demultiplexed; and

wherein said second receiver function block further
includes:

an optical identifier recerver that recerves said at least one
optical identifier and said at least one set of correspond-
ing data, and said optical identifier receiver further
verifies whether said correct transmission route 1s
established based on said at least optical 1dentifier with
reference to said at least one set of corresponding data.

49. The optical signal receiver as claimed 1n claim 48,
wherein each of said at least one optical 1dentifier recerver
turther 1includes:

a photoelectric converter that performs a photoelectric
conversion of each of said at least one optical identifier
into an detected electrical signal;

a Irequency detector that detects an electric frequency
component from said detected electrical signal; and

a frequency comparator that compares said electric fre-
quency component detected to said at least one refer-
ence electric frequency component included in said at
least one set of corresponding data.

50. The optical signal receiver as claimed 1n claim 48,

wherein said optical signal receiver further includes:
plural sets of said main optical signal receivers and said
optical identifier receivers,

wherein said main optical signal receivers receive said
main optical signals from respectively corresponding
ones of said main optical signal generators;

wherein said optical identifier receivers respectively
receive said optical 1dentifiers from respectively corre-
sponding ones of said optical identifier generators, and
said optical identifier receivers respectively receive
said plural sets of said corresponding data from respec-
tively corresponding ones of said optical identifier
generators; and

wherein each of said optical identifier receivers verifies
whether said correct transmission route 1s established
based on each corresponding one of said optical 1den-
tifiers with reference to each corresponding set of said
corresponding data.

51. The optical signal receiver as claimed in claim 38,
wherein each of said at least one set of corresponding data
includes a relationship 1n correspondence between a first
wavelength of said main optical signal and a second wave-
length of said optical identifier uniquely belonging to said
main optical signal, so that said second wavelength uniquely
corresponds to said first wavelength;

wherein said second receiver function block selectively
detects said at least one optical identifier with said
second wavelength; and

wherein said second receiver function block verifies
whether said correct transmission route 1s established
based on said detected at least one optical i1dentifier
with reference to said at least one set of corresponding
data.

52. The optical signal receiver as claimed in claim 31,

wherein said {first recerver function block further includes:

a demultiplexer that wavelength-demultiplexes said
wavelength-multiplexed optical signal to generate said
at least one main optical signal and said at least one
optical identifier; and
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wherein said second receiver function block further
includes:
at least one set of a main optical signal receiver that
selectively recerves said at least one main optical signal
with said first wavelength, and an optical identifier
receiver that selectively receirves said at least one
optical i1dentifier with said second wavelength, and
wherein said optical identifier receiver further verifies
whether said correct transmission route 1s established
based on said at least optical identifier with reference to
said at least one set of corresponding data.

53. The optical signal recerver as claimed 1n claim 352,
wherein each of said at least one main optical signal recerver
turther 1includes:

a first optical filter that selectively transmits said main

optical signal with said first wavelength; and

a main optical signal receiver that receives said main

optical signal with said first wavelength transmitted
through said first optical filter;

wherein each of said at least one optical identifier recerver

further includes:
a second optical filter that selectively transmits said
optical identifier with said second wavelength; and

an optical identifier detector that detects said optical
identifier with said second wavelength transmitted
through said second optical filter; and that compares
said optical identifier including said second wavelength
to said at least one set of corresponding data.

54. The optical signal recerver as claimed 1n claim 31,
wherein said first receiver function block turther includes:

an arrayed waveguide grating that wavelength-demulti-

plexes said wavelength-multiplexed optical signal to
generate said at least one main optical signal with said
first wavelength and said at least one optical 1dentifier
with said second wavelength; and

at least one main optical signal receiver that selectively

receives said at least one main optical signal with said
first wavelength; and

wherein said second receiver function block further

includes:

an optical identifier recerver that selectively recerves said

at least one optical 1dentifier with said second wave-
length, and wherein said optical identifier receiver
further verifies whether said correct transmission route
1s established based on said at least optical 1dentifier
with reference to said at least one set of corresponding
data.

55. The optical signal recerver as claimed i claim 54,
wherein each of said at least one main optical signal recerver
turther includes:

a main optical signal receiver that receives said main

optical signal with said first wavelength transmitted
through said arrayed waveguide grating; and

wherein each of said at least one optical identifier recerver
further 1includes:

an optical identifier detector that detects said optical
identifier with said second wavelength transmitted
through said arrayed waveguide grating; and that com-
pares said optical identifier including said second
wavelength to said at least one set of corresponding
data.

56. The optical signal recerver as claimed 1n claim 352,
wherein said first receiver function block further includes
said main optical signal receivers and said second receiver
tfunction block further includes said optical identifier recerv-
ers,
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wherein said main optical signal receivers receive said
main optical signals from respectively corresponding
ones of said main optical signal generators;

wherein said optical 1dentifier receivers respectively

receive said optical 1dentifiers from respectively corre-
sponding ones of said optical identifier generators, and
said optical identifier receivers respectively receive
said plural sets of said corresponding data from respec-
tively corresponding ones of said optical identifier
generators; and

wherein each of said optical identifier receivers verifies

whether said correct transmission route 1s established
based on each corresponding one of said optical 1den-
tifiers with reference to each corresponding set of said
corresponding data.

57. A method of monitoring establishment of a correct
transmission route between at least one optical signal trans-
mitter and at least one optical signal receiver, said method
including:

generating at least one optical identifier belonging to and

being different 1n wavelength from at least one main
optical signal;
performing a wavelength-multiplexing of said at least one
main optical signal and said at least one optical i1den-
tifier to transmit at least one wavelength-multiplexed
optical signal to said at least one optical signal receiver;

performing a wavelength-demultiplexing of said at least
one wavelength-multiplexed optical signal to generate
said at least one main optical signal and said at least one
optical identifier; and

veritying whether a correct transmission route 1s estab-

lished, based on said at least optical identifier with
reference to at least one set of corresponding data,
which include a first relationship in correspondence
between said at least one main optical signal and said
at least one optical identifier.

58. The method as claimed in claim 57, wherein said
verification 1s made by comparing said first relationship
included 1n said at least one set of corresponding data to a
second relationship between said at least one main optical
signal received by said at least one optical signal receiver
and said at least one optical identifier detected by said at
least one optical signal receiver.

59. The method as claimed 1n claim 57, wherein said
verification 1s made without subjecting said at least one main
optical signal to any photoelectric conversion, and indepen-
dently from any transmission rate and any format of said at
least one main optical signal.

60. The method as claimed in claim 57, further including;:

sending said at least one set of corresponding data from

said at least one optical signal transmuitter to said at least
one optical signal receiver.

61. The method as claimed in claim 60, further including;:

storing said at least one set of corresponding data in a

memory being coupled to said optical signal transmitter
and said optical signal receiver.

62. The method as claimed in claim 60, further including;:

storing said at least one set of corresponding data in a data

storing station being coupled to said optical signal
transmitter and said optical signal receiver.

63. The method as claimed in claim 57, further including;:

previously storing said at least one set of corresponding

data 1n each of said at least one optical signal trans-
mitter and said at least one optical signal receiver.

64. The method as claimed in claim 57, further including;:

notitying whether said correct transmission route 1s veri-

fied between said main optical signal transmitted by
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said at least one optical signal transmitter and said main
optical signal received by said at least one optical
signal receiver.

65. The method as claimed 1n claim 57, further including:

transmitting said at least one wavelength-multiplexed

optical signal from said at least one optical signal
transmitter to said at least one optical signal receiver
through a wavelength-multiplexed optical network
including a plurality of wavelength-multiplexed optical
signal transmission routes.

66. The method as claimed 1n claim 57, further including:

transmitting said at least one wavelength-multiplexed

optical signal from said at least one optical signal
transmitter to said at least one optical signal receiver
through an optical switch including a plurality of
selectable wavelength-multiplexed optical signal trans-
mission routes.

67. The method as claimed 1n claim 57, wherein said at
least one set of corresponding data includes a relationship 1n
correspondence between at least one wavelength of said at
least one main optical signal and at least one reference
clectric frequency component of at least one Irequency
corresponding to said at least one main optical signal; and

wherein said method further includes:

detecting at least one electric frequency component from
said at least one optical 1dentifier wavelength-demulti-
plexed; and

verilying whether said correct transmission route 1s estab-

lished based on said at least one electric frequency
component with reference to said at least one reference
clectric frequency component included 1n said at least
one set ol corresponding data.

68. The method as claimed 1n claim 67, further including:

generating a frequency-modulated signal at a frequency

corresponding to each of said at least one main optical
signal; and
generating said at least one optical identifier frequency-
modulated by said frequency-modulated signal;

performing a photoelectric conversion of each of said at
least one optical identifier into an detected electrical
signal;

detecting an electric frequency component from said

detected electrical signal; and

comparing said electric frequency component detected to

said at least one reference electric frequency compo-
nent mncluded 1n said at least one set of corresponding
data.

69. The method as claimed 1n claim 57, wherein each of
said at least one set of corresponding data includes a
relationship in correspondence between a first wavelength of
said main optical signal and a second wavelength of said
optical i1dentifier uniquely belonging to said main optical
signal, so that said second wavelength uniquely corresponds
to said first wavelength; and

wherein said method further includes:

selectively detecting said at least one optical identifier
with said second wavelength; and

verifles whether said correct transmission route 1s estab-
lished based on said detected at least one optical
identifier with reference to said at least one set of
corresponding data.

70. The method as claimed in claim 69, further including;:

generating said optical identifier including said second
wavelength;

selectively transmitting said main optical signal with said
first wavelength;
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selectively transmitting said optical identifier with said

second wavelength;

detecting said optical 1dentifier with said second wave-

length transmitted through said second optical filter;
and

comparing said optical 1dentifier including said second

wavelength to said at least one set of corresponding
data.

71. A method of transmitting an optical signal, including:

generating at least one optical identifier belonging to and

being different 1n wavelength from at least one main
optical signal;

performing a wavelength-multiplexing of said at least one

main optical signal and said at least one optical 1den-
tifier to transmit at least one wavelength-multiplexed
optical signal to said at least one optical signal receiver,
and

referencing at least one set of corresponding data by said

at least one optical identifier, said at least one set of
corresponding data include a first relationship 1 cor-
respondence between said at least one main optical
signal and said at least one optical 1dentifier.

72. A method of recerving an optical signal transmitted,
including:

performing a wavelength-demultiplexing of said at least

one wavelength-multiplexed optical signal to generate
said at least one main optical signal and said at least one
optical identifier; and

verifying whether a correct transmission route 1s estab-

lished, based on said at least optical identifier with
reference to at least one set of corresponding data,
which include a first relationship in correspondence
between said at least one main optical signal and said
at least one optical identifier.

73. The method as claimed in claim 72, wherein said
verification 1s made by comparing said first relationship
included in said at least one set of corresponding data to a
second relationship between said at least one main optical
signal recerved by said at least one optical signal receiver
and said at least one optical identifier detected by said at
least one optical signal receiver.

74. The method as claimed 1n claim 72, wherein said
verification 1s made without subjecting said at least one main
optical signal to any photoelectric conversion, and 1ndepen-
dently from any transmission rate and any format of said at
least one main optical signal.

75. An optical signal transmission system including at
least one optical signal transmitter and at least one optical
signal receiver,

wherein said at least one optical signal transmitter gen-

crates at least one optical identifier belonging to and
being different in wavelength from at least one main
optical signal;
wherein said at least one optical signal transmitter per-
forms a wavelength-multiplexing of said at least one
main optical signal and said at least one optical 1den-
tifier to transmit at least one wavelength-multiplexed
optical signal to said at least one optical signal receiver;

wherein said at least one optical signal receiver performs
a wavelength-demultiplexing of said at least one wave-
length-multiplexed optical signal to generate said at
least one main optical signal and said at least one
optical identifier; and

wherein said at least one optical signal receiver further

verifies whether a correct transmission route 1s estab-
lished, based on said at least one optical identifier with
reference to at least one set of corresponding data,
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which include a first relationship in correspondence
between said at least one main optical signal and said
at least one optical i1dentifier,

wherein said at least one optical signal receiver performs

08

generating at least one optical identifier belonging to and
being different in wavelength from at least one main
optical signal;

performing a wavelength-multiplexing of said at least one

said verification by comparing said first relationship 5 main optical signal and said at least one optical i1den-
included 1n said at least one set of corresponding data tifier to transmit at least one wavelength-multiplexed
to a second relationship between said at least one main optical signal to said at least one optical signal recerver;
optical signal received by said at least one optical performing a wavelength-demultiplexing of said at least
signal receiver and said at least one optical identifier one wavelength-multiplexed optical signal to generate
detected by said at least one optical signal receiver. 10 said at least one main optical signal and said at least one

76. An optical signal transmitter including: optical identifier; and

a first transmitter function block that generates at least one veritying whether a correct transmission route 1s estab-
optical 1dentifier belonging to and being different 1n lished, based on said at least optical identifier with
wavelength from at least one main optical signal; and reference to at least one set of corresponding data,

a second transmitter function block that performs a wave- 15 which include a first relationship in correspondence
length-multiplexing of said at least one main optical between said at least one main optical signal and said
signal and said at least one optical identifier to transmait at least one optical identifier,
at least one wavelength-multiplexed optical signal, wherein said verification 1s made by comparing said first

wherein said at least one set of corresponding data relationship included 1n said at least one set of corre-
includes a relationship in correspondence between at 20 sponding data to a second relationship between said at
least one wavelength of said at least one main optical least one main optical signal received by said at least
signal and at least one reference electric frequency one optical signal receiver and said at least one optical
component of at least one frequency corresponding to identifier detected by said at least one optical signal
said at least one main optical signal. receiver.

77. An optical signal receiver including: 25 79. A method of receiving an optical signal transmitted,

a first recerver function block that performs a wavelength- including:
demultiplexing of at least one wavelength-multiplexed performing a wavelength-demultiplexing of said at least
optical signal to generate at least one main optical one wavelength-multiplexed optical signal to generate
signal and at least one optical identifier; and said at least one main optical signal and said at least one

a second receiver function block that verifies whether a 30 optical identifier; and
correct transmission route 1s established, based on said veritying whether a correct transmission route 1s estab-
at least optical 1dentifier with reference to at least one lished, based on said at least optical identifier with
set of corresponding data, which include a first rela- reference to at least one set of corresponding data,
tionship 1n correspondence between said at least one which include a first relationship in correspondence
main optical signal and said at least one optical iden- 35 between said at least one main optical signal and said
tifier, at least one optical identifier,

wherein said second recerver function block performs said wherein said verification 1s made by comparing said {irst
verification without subjecting said at least one main relationship included 1n said at least one set of corre-
optical signal to any photoelectric conversion, and sponding data to a second relationship between said at
independently from any transmission rate and any 40 least one main optical signal received by said at least

format of said at least one main optical signal.
78. A method of monitoring establishment of a correct

one optical signal recerver and said at least one optical
identifier detected by said at least one optical signal

transmission route between at least one optical signal trans- receiver.
mitter and at least one optical signal recerver, said method

including; I I
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